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INTRODUCTION 
The reaction of amino acids, proteins, peptides, 
imino acids and amines with triketohydrindine hydrate 
(ninhydrin) is of special importance for their detection 
and estimation. The ninhydrin reaction is widely used 
to disclose the location of amino acids on paper and thin 
layer chromatograms by spraying with a solution of ninhydrin 
followed by heating. The reaction is also used in automatic 
amino acid analyzers developed at Rockefeller Institute in 
1950 and since then have become commerically available. The 
reaction with amino acids has been described in almost all 
1 -5 text books of organic chemistry and biochemistry. Two 
aspects of the reaction, related with its analytical uses and 
with its kinetics and mechanism, have been studied and dis-
cussed in literatixre and are described below: 
Studies of ninhydrin reaction related with its analytical uses; 
"(1) Colorimetric estimations of amino acids and related compounds 
The colour reaction between ninhydrin and amino acids 
was discovered by Ruhemann in 1910, Ruhemann ~ found that 
amino acids reacted with ninhydrin to give a purple colour in 
aqueous medium, known as the "Ruhemann's purple" and was used 
for the colorimetric estimation of amino groups, Harding and 
2 
MacLean studied the reaction under different conditions 
and it was found that stable colour could be obtained in 
excess of ninhydrin in presence of pyridine. These authors 
showed that the estimation of (?C-nitrogen of amino acid by 
the method was quite satisfactory within the range of 
0,005 mgm to 0.05 mgm per cubic centimeter. One ml of 
a 0,1 percent solution of the amino acid was added to 0.5 ml 
of a 1 percent solution of triketohydrindinehydrate, and 
0,2 ml of freshly distilled pyridine was added, and the mix-
ture was heated in a boiling water bath for varying intervals 
of time. The estimation of relative amounts of coloring 
matter was carried out by comparison in a Duboscq colorimeter, 
It was found that the reaction between amino acid and triketo-
hydridinehydrate in presence of pyridine took place rapidly 
and the colour attained a maximum value in about twenty 
minutes. A determination was made of the relative amounts 
of colouring matter produced by alanine, glycine, aspartic 
acid and glutamic acid. These workers also studied the reac-
tion of ninhydrin with the amines and amides. It was found 
that amides, guanidine and its derivatives gave negative test 
with ninhydrin, 
10 Moore and Stein studied the reaction of ninhydrin 
with amino acid for the use in chromatography. The reaction 
of ninhydrin with -NHp groups to give diketohydrindylidene-
diketohydrindamine gained new importance because oi its 
3 
utilization as the basis for a photometric determination 
of amino acids and related compounds in effluent sanipies 
from starch chromatograms. The colour yield had beci. ren-
dered fully reproducible by the incorporation of hyarindan-
tin or stanous chloride in the reagent solution to eliminate 
oxidative side reactions. Although the colour yield from 
a given amino acid was contant, the different amino acids 
do not give the same percentage yield of the blue product. 
This fact does not prevent accurate use of the method in 
chromatographic work in those cases where the individual 
amino acids are separated from one another by the fractiona-
tion process. The reaction was carried out at pH 5 and 100 C 
and the absorption maximum of the blue product was found at 
570 nm. For individual amino acids the accuracy was 2 per 
cent for samples in the range of 2,5 of o<-NHp nitrogen. 
The mechanics of the procedure was developed to permit the 
analysis of a large number of samples on a routine basis, 
11 Troll and Cannan modified the procedure for the 
photometric determination of amino acids with ninhydi-in 
using different organic solvents and found that ten of the 
naturally occurring amino acids gave theoretical yields of 
colour at room temperature. At 100 C all amino acids, 
except tryptophan and lysine reacted quantitatively. They 
recommended the following method for the analysis of the 
primary amino acids. 
4 
Reagents: 
(1) Ninhydrin solution: 500 mg of ninhydrin wan cii:.solv-
ing 10 ml of absolute alcohol, 
(2) 80 percent phenol solution: 80 gm. of reagent grade 
phenol was dissolved in 20 ml of absolute alcohol with gentle 
heating. The solution was shaken with 1 gram of permutit 
for about 20 minutes to remove traces of ammonia and than 
decanted, 
(3) KCN-pyridine reagent: 2 ml of O.OIM solution of KCN 
was diluted to 100 ml with ammonia free pyridine, prepared 
by shaking 100 ml of pyridine with 1 gm. of permutit for 
about 20 minutes, 
(4) 60 percent alcohol (by volume). 
Procedure: 
0,4 to 0,5 ml of aqueous amino acid solution 
containing 0,05 to 0,5 j-xm of the amino acid was heated with 
1 ml of KCN-pyridine reagent and 1 ml of 80 percent phenol 
reagent in the boiling water bath. After the attainment of 
the temperature of the bath, 0,2 ml of the ninhydrin solu-
tion was added. The solution was cooled and made' up to 10 ml 
with 60 percent alcohol and the optical density at 570 nm was 
measured. These authors also described a method for the 
5 
photometric estimation of hydroxy-proline based on the 
extraction of red derivative from the reaction system with 
benzene which is a precursor of the yellow compound which 
is the final product of the reaction with ninhydrin. Troll 
12 
and Lindsley described a photometric method for the esti-
mation of proline and its application to protein hydroly-
13 
sates, urine and plasma, Piez, Irreverre and Wolff 
described two colorimetric procedures for the quantitative 
estimation of cyclic imino acids in the effluent fractions 
from an ion exchange column. Both employed ninhydrin in 
glacial acetic acid. When the reaction was carried out at 
room temperature, the method was suitable for hydroxy pro-
line, allohydroxyproline and proline. Heating at 100 C 
permited the determination of 5-hydroxypipecolic acid, 
proline, baikain and pipecolic acid. The separation of these 
compounds by ion exchange and paper chromatography was also 
described, 
14 Moore and Stein extended their studies on the 
chromatography of amino acids on columns of ion exchange 
resins for the determination of amino acids and related 
compounds with ninhydrin. They developed a modified reagent 
composed of 2 percent ninhydrin and 0,3 percent hydrindantin 
and 3:1 methylcellosolve-4N sodium acetate buffer (pH 5.5). 
The method was used for the analysis of effluent fractions 
6 
15 
obtained in ion-exchange chromatography. Yanari studied 
the reaction of ninhydrin with various dipeptides at 100 C 
and pH 5. Several fold differences in rate were observed in 
the reaction of ninhydrin with the diesterioisomeric pair 
but equal rates were approached when the concentration of 
methylcellosolve or dioxane was increased. High methylcello-
solve concentrations favoured more rapid and complete reac-
tion of dipeptides, 
1 fi 
Yemme and Cocking adapted the method of Troll 
and Cannan for routine use. Their procedure involved the 
preparation of cyanide-ninhydin solutions, which are also un-
17 
stable, Rosen modified the method by avoiding the prior 
preparation of an unstable ninhydrin reagent, 3 percent nin-
hydrin solution was prepared in methyl cellosolve separately. 
Sodium cyanide (0,01M) acetate buffer (2700 gm NaOAc.3H20 + 
2 litre HpO + 500 ml glacial HOAc make up to 7.5 litre with 
HpO) was adapted from that of Stein and Moore and its pH 
should be 5.3 - 5.4. Acetate cyanide (0.0002M NaCl in acetate 
buffer) was prepared by diluting cyanide solution fifty times 
with acetate buffer. The estimation of the amino acids was 
done by mixing the reagents in usual way. 
18 Rosen, Berard and Levenson used the method for the 
automatic analysis of amino acids by ninhydrin reagent. The 
basic modifications are alterations in the ninhydrin reagent 
7 
and addition of cyanide in buffer system which rendered 
the reagent stable indefinitely in light and air and eli-
minated the risk of clogging. 
19 Kirschenbaum used dimethylsulfoxide in a ninhydrin 
reagent along with methyl cellosolve (60% methylceLlo.;olve-
40% dimethyl sulfoxide). This combination of the ^ solvent 
minimized the precipitate formation in the capillary lines 
20 
of amino acid analyzer, Moore completely replaced methyl-
cellosolve and used dimethylsulfoxide as the solvent. It 
was found that dimethyl sulfoxide is a better solvent for the 
reduced form of ninhydrin (hydrindantin) than methylcello-
solve. Better performance and improved stability ;vas 
observed with dimethyl sulfoxide. The result was a nin-
hydrin hydrindantin solvent in 75% DMSO-25% 4 M lithium acetate 
buffer at pH 5.2, The reagent was prepared for the amino acid 
analyzers operated under the general conditions described by 
21 Spackman, Stein and Moore , 3 litre of dimethylsulfoxide 
and 1 litre of the 4M lithium acetate buffer were added to 
the 4 litre filling bottle, after nitrogen had been bubbled 
through dimethylsulfoxide buffer mixture for 15 minutes, 
80 gm of ninhydrin was added and than 2.5 gm of hydrindantin 
was dissolved. The reagent gave yields of colour in the 
ninhydrin reaction with amino acids quite identical with the 
reagent prepared in the methylcellosolve. 
8 
22 Yamamoto .\nd Young prepared hydrindantin-
ninhydrin reagents with Ni-Pt electrodes electrocheiLically 
and also by SnClp reduction. They compared the colour 
yields of more than 30 ninhydrin positive compounds includ-
ing nor-leucine as an internal standard and concluded that 
the two methods of reducing ninhydrin did not yield equiva-
lent colour constants and therefore to avoid potentially 
gross errors, it was necessary to determine colour constants 
on every compound of interest for each different method of 
preparing hydrindantin-ninhydrin reagent. 
23 
James studied the colour development of amino acids 
with ninhydrin reagent prepared by reduction with titanous 
chloride. They compared their results with stannous chloride 
and found that titanus chloride is superior reducing agent for 
ninhydrin reduction. 
24 
Pochinok developed new reagent for the estimation 
of amino acids. The reagent consisted of ninhydrin dissolved 
in ethylene glycol with an addition of butyl alcohol ami 
propyl alcohol. The reagent was more stable and had no un-
pleasant odour. It permited determination of 0,2-2.0 jag of 
amino nitrogen per milli litre of solution. Bell and 
25 
Mason developed rapid chromatographic method for the esti-
mation of lysine using acid ninhydrin reagent and measuring 
the optical density of the yellow lysine-ninhydrin complex 
9 
at 440 nm. The method was further extended by DeviJ to 
the determination of lysine and ornithine using acid nin-
hydrin. The optical density was measured at 440 nm iind 
515 nm for lysineand Ornithine respectively, Sakari and 
27 
Koji studied the effect of L-ascorbic acid on the colori-
metric estimation of amino acids with ninhydrin. Friedman 
28 
and Williams determined keratin proteins with niriiiydrin 
and found that dimethylsulfoxide-water (40-60% by volume) 
was the best solvent. 
The ninhydrin reagent was developed and modified for 
spectrophotometric determination of amino acids by ii ^ uid 
29-42 
chromatography by a number of workers , The studies 
were mainly related with the effect of different reducing 
agents and pH, The ninhydrin reagent was also modified to 
43-46 be used in automatic amino acid analyzers on thp same 
lines by using different organic solvents, 
4? Seiji, Kazunori and Yoshijiro studied the effect 
of metal complexing agents (without reducing agents) and 
ninhydrin on the chromatographic determination of amino 
acids and related compounds. The reaction was carried out 
at 135-200 C, It was observed that at high temperature 
ninhydrin reacted with amino acids and related compound 
48 
even without reducing agents, Singh, Khanna and Sing 
observed that Mn , Fe and Mo increased the intensity 
10 
of colour product formed by the interaction of ninhydrin 
with amino acids and Cd , Zn and Al depressed the 
colour formation, Ganapathy, Ramchandramurty and 
49 2 + 
Radhakrishnan developed a Cu ninhydrin reagent to 
distinguish qualitatively a small oC-peptides and oC-amino 
acid amide from free amino acids by paper chromatography. 
It was suggested that Cu first formed complex with peptides 
and than reacted with ninhydrin to give a yellow chromophore. 
Estimation of amino acids by the measurements of evolved COo 
The utilization of ninhydrin for the quantitative 
determination of amino acids has been adapted in several ways, 
50 51 
Ruhemann and Grassmann and Von Arnin showed that the 
colour forming reaction of ninhydrin with amino acids was 
accompanied with the evolution of Carbon dioxide. Both Van 
52 53 
Slyke and Dillon and Mason devised methods for the deter-
mination of amino acids based on the measurements of the 
carbondioxide evolved. These investigators adapted manoiLet-
54-55 
ric procedures as developed by Van Slyke and others 
56 for the determination liberated carbondioxide, Christensen 
developed a very simple apparatus for the measurements of 
the evolved COp which had been successfully applied in 
several ways and was also used for the determination of amino 
acids with ninhydrin. The time required for a complete 
determination was only twenty minutes. 
11 
57 Van Slyke, MacFadyen and Hamilton described a 
titration method determining free amino acids by titration 
of the carbondioxide evolved from carboxyl groups during reac-
tion with ninhydrin. The evolved COp was transferred in 
standard barium hydroxide solution and titrated. The results 
are comparable with those obtained from manometric techniques. 
58 Van Slyke, Dillon, MacFadyen and Hamilton described a method 
for the gasometric determination of carboxyl groups in free 
amino acids. The method was based on the fact that oC-amino 
acids, when boiled in water with an excess of ninhydrin at 
pH 1-5, evolved COp from their carboxyl groups quantitatively 
in few minutes. The reaction was found to be specific for 
free amino acids because it required the presence, in the 
free unconjugated state, of both the carboxyl and the neighbour-
ing-NHp op-4JH-CHp groups. Other reagents were also used for 
the evolution of COp from oC-amino acids, but ninhydrin was 
found to give the most precise and specific results. 
63 
Maso et al, studied the reaction of amino acids 
with glyoxal and ninhydrin to give carbondioxide in acetate 
buffer (0.5M, pH 5 at 50 C), The generation of carbondioxide 
was found to be linear with time. Steric and polar effects 
had an important role in the decarboxylation reaction which 
was dependent on the anion concentration of amino acid. 
12 
Kinetic and mechanistic studies of ninhydrin reaction 
50 Ruhemann's view on the interaction of amino 
acids and triketohydrindlne hydrate involved the oxidation 
of the amino acids to carbondioxide and an aldehyde possess-
ing a carbon atom less than the amino acid with the simul-
taneous reduction of the triketone to hydrindantin and the 
condensation of the hydrindantin with the ammonia liberated 
by the oxidation of amino acid, forming the blue coloured 
ammonium salt of diketohydrindilydine-diketohydrindamine. 
His mechanism for the reaction is given in Scheme 1. In 
modern terms the pxirple colour would be associated with the 
anion rather than the ammonium salt. The first stage of the 
reaction (1) and the last (3), in which hydrindantin reacts 
with two molecules of ammonia in a most unlikely manner, are 
not discussed. The theory can not account for the more 
rapid chromogenic reaction of c<. -amino acids with ninhydrin 
and with hydrindantin, as compared with amines and amixiDnium 
9 
salts , His suggestion as to the origin ox Ruhemann's 
purple is subsequently correct, 
CI 
Harding and WarneFord studied the ninhydrin 
reac t ion with amino acids and ammonium s a l t s and u t i l i z e d 
65 the theory of Dakin and Dudley , who had postulated tha t 
amino ac ids undergo e i the r a d i s soc ia t ion or a decomposition 
in to ammonia and the corresponding glyoxal. Methyl glyoxal 
13 
and ammonia is formed in case of alanine. Methyl glyoxal 
is a powerful reducing agent and could reduce triketohydrin-
dene hydrate to 1,3-diketohydrindol which on condensation 
with the ammonia from the amino acid would give 1,3,diketo-
hydrindamine. This amine readily condense with aldehydes 
and ketones, is readily oxidised to deep blue colouring 
matter, and consequently would be expected to condense with 
a molecule of triketohydridinehydrate to give diketohydrin-
dylidine-dikitohydrindamine, the ammonium salt of which is 
the required blue colouration. The mechanism is given in 
Scheme 2. The advantage of this interpretation is that it 
explains why ammonium salts are able to produce a purple 
colour. However, since ammonia is postulated as an interme-
diate, the theory does not explain why amino acids react 
73 faster with hydrindantin than does ammonia , Negligible 
amount of ammonia is evolved from amino acids in the absence 
of ninhydrin, and the source of carbondioxide, which is evol-
ved, can not be the t^ C-keto acid. It has been shown that the 
evolution of carbondioxide from QC -ketoacids is much slower 
58 than from amino acids in the presence of ninhydrin . 
ftfi On the basis of experimental work Retinger rejected 
the previous theories of ninhydrin reaction and proposed 
another one as given in Scheme 3. According to him the tri-
ketohydrindene hydrate hydrolyses during boiling giving 0-
carboxyl glyoxal which reduces part of the triketohydrindene 
14 
to dioxindane, which in turn combines with another molecule o£ 
triketohydrindene to give hydrindantin. The amino acid or 
amine derived from enzyme action gives first a monobasic 
salt which is colourless, further boiling produces a dibasic 
neutralization, and the molecule splits into equal parts 
with trivalent carbon - a free valency is cause of the ab-
sorption in the visible spectrum. Exposure to air in water 
solution decomposed the split molecules further, giving 0-
carboxylmandelic acid, ammonia, carbondioxide, water, alde-
hyde and dioxindene through reduction. Retinger's theory 
has a number of limitations, the most important being that 
salts of hydrindantin show no absorption in the visible range 
72 73 
of the spectrum * and that the visible and ultraviolet 
absorption spectra of Ruheman's purple and hydrindantin 
differ greatly in alkaline solution. 
Worker and Antener have also studied the reaction 
of ninhydrin with amino acids and have proposed the mechanism 
given in Scheme 4, They subjected less likely ethylenimine 
structures for Ruhemann's purple without any experimental 
evidence, 
Schonberg et al,, studied the Streaker's degradation 
of o(^-aminD acid and amine with carboxyl compounds to give 
the corresponding aldehydes and ketones with one less carbon 
atom. They suggested that the following two conditions must 
be satisfied. 
15 
1, Two hydrogen atoms attached to the nitro^ e^n atom must 
be unsubstituted. 
2. The carbonyl compound must contain the grouping 
-CO-/~CH=CH 7 - CO- where n = 0 or an integer, ana that 
atleast one CO group must be aldehydic or ketonic. 
The mechanism proposed is given in Scheme 5. In 
the Scheme 5 structures I & II are isomers according to 
classical view, but they may be considered as extreme 
structures of a molecule having the natiire of a resonance 
hybrid; the theory of hydrogen bonding should be applied. 
It is possible that the ease with which the degredation 
proceeds in a number of cases is due to the fact that the 
intermediate Schiff's base, being hybrids, are ketonic as 
well as enolic. 
59* Badder also studied the Strecker degradation of 
amino acids with carbonyl compounds and had suggested an 
electronically interpreted mechanism (Scheme 6), The me-
chanism was severely criticized on the grounds that lie had 
provided insufficient experimental evidence, 
70 
Moubasher and Ibrahim have studied the reaction 
between ninhydrin euid oC-amino acids, and realized that the 
ninhydrin reaction was a special case of the much more 
general strecker reaction. They proposed the formation of 
hydrindantin and bis-1:3 diketoindanyl, the latter compound 
arised from the former, Hydrindantin possibly formed by the 
condensation of ninhydrin with 2-hydroxy 1,3 diketoindane. 
The mechanism proposed is given in Scheme 7. In support of 
16 
(Scheme 7) mechanism, only two new experimental observa-
tions are orfered. 2,2-Bis(l-Hydroxy-3-Ketoindene) a 
dark brovm material, was obtained from the reaction oT 
ninhydrin or hydrindantin with alanine. As far as the 
formation of hydrindantin their scheme follows the normal 
route, but beyond this point the mechanism is conjectual. 
No spectral data are offered, and in fact there is little 
resemblence between the absorption curve of 2,2--Bis(l-
Hydroxy-3-Ketoindene) and those of aqueous solutions of 
ninhydrin and amino acids after reaction. 
71-72 
MacFadyen have shown t h a t the formation of 
purple colour in the amino acid-ninhydrin reac t ion i s inde-
pendent of the nature of the ca t ion and i s to be a t t r i bu t ed 
to the anion of diketohydrindamine-diketohydrindylidine 
(Ruhemann's purple) as given below: 
6 7 
I t i s not an ammonixam s a l t as suggested by Ruhemann * and 
8 9 Harding and MacLean ' , 
73 
MacFadyen and Fowler in their studies of the 
reaction of ninhydrin and hydrindantin with oc-amino acids 
summarized the observations of some workers on the basis 
of their studies. They arrived at the following conclusions, 
17 
1) The red and blue colours formed by dissolving hyarindantin 
in alkaline solution have been studied spectrophotometrically 
under controlled conditions of oxygen content, pH and tempe-
rature. The monovalent and bivalent anions of indanone-
enediol are represented by red and blue colours respectively, 
2) At pH 5.3, the sodium salt of diketohydrindamine-
diketohydrindylidine formed in the reaction of oC-amino acids 
with hydrindantin but ammonia is not formed as the inter-
mediate, Ruhemann's purple is formed in the reaction by 
using mole for mole of indanone-^nediol in the reaction. 
3) The mechanism of the reaction of amino acids and other 
amines with ninhydrin proposed earlier were not supported by 
the studies except the concept about the ammonium salts put 
forward by Harding and Warenford and Harding and FiacLean ' . 
Filippovich proposed the mechanism (Scheme 8) for 
the reaction between oC-amino acids and ninhydrin. Step I 
is simply the widely known reaction of the amino ^iroup of the 
amino acid with carbonyl group to form the Schiff base. The 
high mobility of the carbonyl oxygen of the middle oxo-group 
of ninhydrin permits such a reaction. Step II is similar to 
one of the steps of reaminatlon and the decarboxylation of 
step III is fully natural. The reaction of self forming 
"ninhydrinolysis" in step IV is not only probable, but 
necessary if the stability of the colouration in the presence 
18 
of ninhydrin in the reaction medium is taken into account. 
Step V had already been proposed. The mechanism ha.; not 
given the formation of NH^ and hydrindantin. 
75 McCaldin has reviewed the chemistry of ninriydrin 
in detail describing its synthesis, structure and pr-operties. 
He also gave a detail account for the reaction of ninhydrin 
with alkalies and amino acids. The different theories of 
the formation of Ruhemann's purple were described and a 
mechanism was proposed (Scheme 9). The mechanism does not 
involve hydrindantin in the colour formation pathways, but 
involves the compound in a s ide reaction and does not 
10 
explain the role of reducing agents in the colour formation. 
McCaldin also described the reaction of ninhydrin with imino 
acids, amines (primary, secondary, tertiary), pyrroles and 
ammonium salts. Ninety eight references were quoted in the 
review. 
Lagercrantz and Yhland detected the free radicals 
in some reactions of ninhydrin by ESR techniques. It was 
concluded that there is no correlation between the radical 
concentration and the purple colour developed in the reaction 
between ninhydin and amino acids. No radicals could be de-
tected in an aqueous solution below pH 7, 
77 
Friedman and Sigel studied the kinetics of the nin-
hydrin reaction with amino acids and measured the rate of 
colour development at 30 and 100 C, It was shown that the 
19 
reaction rate is a function of basicity and steric 
environments of the amino groups. A linear free energy 
equation was also derived on the basis of observed reac-
tivity of oC-amino acids at 30 C, that perniits calculation 
of separate polar and steric parameters associated with 
the amino acids which influence the rates. They proposed 
that rate determining step in the ninhydrin reaction appears 
to involve a nucleophilic type displacement of hydroxy group 
of hinhydrinhydrate by a nonprotonated amino group, 
78 Lamothe and MacCormick studied the influence of 
acidity on colour production in the reaction of ninhydrin 
with amino acids, A thorough study, using the Hammett acidi-
ty function was presented on the problem of pH measurements 
in the partially aqueous system in which colour is developed. 
The effect of change of pH of the aqueous buffer on colour 
production for twenty common amino acids was studied. The 
relationship between optimum pH and pK for amino acids could 
be found by substitution of the dissociation constant ex-
79 pression into the second order rate equation, ihese workers 
further studied the role of hydrindantin in the colorimetric 
determination of amino acids using ninhydrin at 40 C and the 
proposed mechanism is given in Scheme 10, 
RO 
Johnson and McCaldin proposed the structure for the 
yellow and purple condensation products from ninhydrin with 
cyclic <X-imino carboxylic acid and discussed the influence 
20 
of ring size on the course oi' reaction. \i -/i^  di.jo '-^lo'^-
t,ed. that purple condensation product is also obtainod from 
ninhydrin and cyclic bases and the mechanism ol the.'je con-
densations was discussed, 
81,82 
Moubasher and Othman discussed the interaction of 
cyclic triketone and amines which react to give aldehyde, 
ammonia and the corresponding reduction product oi triketone. 
The suggested mechanism is given in Scheme 11. These 
authors discussed the structure of alloxantin and concluded 
that the evidence available favours the pinacole rather than 
hemiacetal formation. Some reactions of alloxan and hydrin-
dantln with amines and amino acids were described. 
Ahmad and Ahmad described the reaction of ninhydrin 
with n-substituted amilines and n-substituted guanidine and 
proposed the structure for the product and also gave the 
84 probable mechanism for the reaction. Friedman and V/illiams 
studied the reaction of ninhydrin with amines which has both 
bioanalytical and bioorganic significance and explained the 
stoichiometry on the basis of slow formation, side reactions, 
hydrolytic, oxidative and photolytic instability and inter-
fering colour. 
85 
Yu and Davis studied deuterium isotope effects in 
the ninhydrin reaction of primary amines and found that the 
rate of development of Ruhemann's purple in the ninhydrin re-
action ofCCOC-dp-p-tyramine andococ-d^- /? -phenylethylamine is 
21 
s ign i f i can t ly reduced. I t appears to be a primary isotope 
effect and ind ica tes tha t the cleavage of C-H bond at the oC -
pos i t ion i s involved in the r a t e determining step of the 
colour r eac t ion . The proposed mechanism for primary aihines 
and oC-amino acids i s given in Scheme 12. 
Malaviya and Katiyar studied the mechanism of acid 
hydrolysis of Ruhemann's purple produced by the react ion of 
amines with ninhydrin, and invest igated the effect of micel les 
on i t s r a t e . The effect of pH, ionic s t rength and organic 
solvents was invest igated and a mechanism was proposed, 
RV Ronald Grigg at a l . carr ied out trapping experiments 
with d ipolarophi les which provide evidence for the formation 
of 1,3-dipoles as intermediate in the ninhydrin r eac t ion . I t 
was shown tha t protonated Ruhemann's purple i s a s table N-
protonated 1,3 dipole by trapping experiments and by X-ray 
c rys t a l s t ruc tu re determination. 
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STATEMENT OF THE PROBLEM 
On t h e b a s i s of t h e survey of t h e l i t e r a t u r e on the i n t e r -
a c t i o n of amino a c i d s wi th n i n h y d r i n . I t was concluded t h a t t h e 
proposed mechanisms a re q u i t e complicated and a re not supported 
by sys t ema t i c k i n e t i c s t u d i e s . I t was, t h e r e f o r e , thought w o r t h -
w h i l e to c a r r y out sys t ema t i c s t u d i e s on t h e k i n e t i c s and mecha-
nism of t h e r e a c t i o n . The evo lu t ion of ca rbond iox ide , t h e forma-
t i o n of t h e Ruhemann's p u r p l e , h y d r i n d a n t i n and cimmonia, have been 
r e p o r t e d under d i f f e r e n t c o n d i t i o n s . I t was planned t h a t k i n e t i c 
s t u d i e s should be c a r r i e d ou t according t o t h e fo l lowing scheme: 
(1) Studies on the k ine t i c s and mechanism of decarboxylation of 
amino acids with ninhydrin. 
The decarboxylation reac t ion was studied under the fol low-
ing condi t ions . 
(a) Effect of ninhydrin concentration on the r a t e of carbondioxide 
evolut ion, 
(b) Effect of temperature ionic s trength and pH, 
( c ) The effect of polar and s t e r i c f ac to r s using d i f fe ren t amino 
ac ids . 
(2) Kinetic s tudies re la ted with the development of colour, 
formation of ammonia and hydrindantin In the In te rac t ion 
of ninhydrin with amino ac ids . 
The colour formation and evolution of ammonia were carr ied 
out under the following condi t ions . 
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(a ) Effect oi' ninhydriri concentrat ion, 
(b) Effect of temperature. 
(c) Effect of ionic s trength and pH. 
(d) Elffect of solvent , 
A qua l i t a t i ve study of the formation of hyilrindantin 
was also done. 
studies on the kinetics and mechanism oi the 
interaction of ninhydrin with amino acids. 
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IIJTROIXJCnON 
The reaction of amino acids and ninliydrin h.is been 
observed to take place in two parts. The first part is 
the decarboxylation of the Schiff base for-med by the inter-
action of amino acid with ninhydrin to give 2-amino 
indandione through a number of steps. The second part is 
related with the further interaction of 2-amino indandione 
with ninhydrin to give the following parallel reactions: 
1) formation of Ruhemann's purple 
2) i^ ormation of ammonia and its evolution and conversion to 
Ruhemann's purple 
3) Formation of hydrindantin 
In view of this situation the kinetic measurements 
under different conditions were carried out for the forma-
tion of carbondioxide, Ruhemann's purple, arriinonia and 
hydrindantin. The procedure and results are described in 
the following pages. 
EXPERIMSNTAL AND RESULTS 
Reagents; Glycine, L-alanine, L - phenylalanine, serine, 
L- asparagine, DL aspartic acid and histidine (all B D H) 
were employed for the preparations of solutions, all 
25 
solutions of amino acid with ninhydrin (B D H) v/erj pre-
88 pared in Mcllvaine buffer at different pH using Elico pH 
meter model L1-10, The purity of these amino acids v/as 
tested by paper chromatography. Potassium nitrate (E, merck) 
was used for the adjustment o£ ionic strength. All the 
chemicals were reagent grade. 
(1) Measurement of Carbondioxide 
The kinetic measurements of the reaction of amino 
acids with ninhydrin were carried out in a three necked vessel 
fitted with a double surface condenser to prevent evaporation. 
The reaction mixture was thermostated in an oil bath con-
trolled at desired temperature within + 0,1 C, The reaction 
was then started by addition of requisite volume of ninhydrin 
and amino acid solutions diluted to the desired concentration. 
The pure nitrogen gas (free from ammonia, carbondioxide and 
oxygen) was bubbled through the reaction mixture for stirring 
and maintaining an inert atmosphere. The carbondioxide 
evolved, with the progress of reaction, was flushed out by 
the current of nitrogen gas and was absorbed in barium 
hydroxide solution at different time intervals. The concentra-
tion of absorbed carbondioxide was estimated by titrating 
57 barium hydroxide solution with standard hydrochloric acid 
using phenolphthalein as an indicator. 
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The results of the kinetic measurements are given 
in the following tables(1 to 68) and figures. The values 
of the first order rate constants were calculated by 
plotting a graph between log (a-x) versus time and are 
given at the bottom of the respective tables. 
(2) Measurement of Ruhemann's purple 
The same apparatus as described for carbondioxide 
estimation was used for studying the formation of Ruhemann's 
purple. The progress of the reaction was followed spectro-
photometrically by pipetting aliquotes of reaction mixture 
at different time intervals and measuring the optical den-
sities at 575 nm using Bausch & Lomb Spectronic - 20. The 
effect of methyl cellosolve and dimethyl sulfoxide was also 
studied on the colour formation. 
The results for the colour development are sliown in 
the following tables(1 to 84) and figures. The values of rate 
constants k. and kp.calculated by using the equation for the 
consecutive first order reaction as described by Khan and 
91-94 Khan , are also given at the bottom of each table. 
(3) Measurement of Aimnonia 
The apparatus for kinetic measurements adopted for 
the estimation of ammonia was exactly same as described for 
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carbondioxide. As the reaction proceeds, the evolved 
ammonia was swept out by a current of nitrogen gas and 
90 
was absorved in hydrochloric acid at different time 
intervals. The concentration of absorved ammonia v/as 
determined spectrophotometrically by nesslerization'' ^ . 
All the spectrophotometric measurements were made at 
450 nm using Bausch & Lomb spectronic-20. 
The various sets of observations are shown in the 
following tables(1 to 55)and figures. The first order rate 
constants in this case also were calculated by plotting a 
graph between log (a-x) against time and are shown along 
with each table, 
(4) The formation of hydrindantin had been reported by 
a number of workers * and shown to effect the kinetics 
of the interaction of amino acid with ninhydrin. We have 
confirmed these results and found that hydrindantin is 
formed at pH lower than 5 and the precipitate is found to 
be deposited at pH 2,2 to 4, It was only a qualitative 
experiment and the exact concentration of hydrindantin was 
not measured. As our interest was only in the formation of 
Ruhemann's purple, therefore, a detailed study on the forma-
tion of hydrindantin was not under taken. 
Measurements r e l a t ed with the evolution of 
c ar bond io X id e, 
Table - 1 
Variat ion of Glycine Concentration (a) 
28 
Cone, of Nlnhydrln =0,16 mol dm 
Ionic strength ( jU) = 1,0 mol dm 
Temperature = 3^ 3 K 
pH = 5.0 
-3 









0,010 mol dm"^  
Cone, of COp 

















= 0.015 mol dm 
Cone, of COp 









-^>bs ° 11.05x10~'^(mln.'') K^^^ = 9,42 x 10"^ (raln."'') 
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Table - 2 
V a r i a t i o n of Glycine Concen t ra t ion 
Cone, of Nlnhydrln = 0 .1 6 mol dm 
I o n i c s t r e n g t h (jli ) = 1.0 mol dm 
Temperature =• 3^3 K 
pH = 5 .0 
-3 










_/= 0 . 0 2 0 mol dm~^ 
Cone, of CO 
(X) mol dm"5 
0 .002 
0 . 0 0 4 
0 . 0 0 7 
0 . 0 0 9 
0 .011 
0 . 0 1 3 











'= 0 .025 mol dm"^ 
Con. of CO2 
(X) mol dm"^ 
0 . 0 0 2 
0 . 0 0 6 
0 . 0 1 0 
0 . 0 1 3 
0 . 0 1 6 
0 . 0 1 7 
0 .018 
^obs ' ''^•^'^ ^ 10"^(min." ' ' ) K^^^ » 10.28 x 10"^ (min . ' ' ' ) 
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Table - 3 
V a r i a t i o n of Glycine Concen t ra t ion 
-3 
Cone, of Nlnhydrin = 0 .16 mol dm 
I o n i c s t r e n g t h ( ^ ) = 1,0 mol dm 
Temperature = 3^3 K 
pH = 5 .0 

































'= 0.035 mol dm"^ 
Cone, of CO2 









^obs " ^^-^^ ^ 10"^(mln." ' ' ) K^^^ = 11.36 x 10"^(mln.~' ' ) 
Table - 4 
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V a r i a t i o n of Temperature 
Cone, of Glycine (a) => 0.020 mol dm 
-3 
-3 
= 0,16 mol dm 
-3 
Cone, of Ninhydrin 
I o n i c s t r e n g t h ( jL) = 1,0 mol dm 
pH = 5 .0 
Temperature = 
Time 

























Cone, of CO2 








^obs " 2 1 . 0 1 X 10""^ ( m i n . " ' ) K^^g - 14.67 x 10~^(ra in . ' ' ' ) 
Table - 5 
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V a r i a t i o n of Temperature 
Cone, of Glycine (a) = 0.020 mol dm -5 
= 0 , l 6 mol dm 
-3 
Cone, of Ninhydrln 
l o n i e s t r e n g t h ( ILi) = 1 . 0 mol dm 
pH = 5 .0 
Temp 
Time 









era t i i re = 
Cone, of 
(X) mol ' 
0 . 0 0 2 
0 . 0 0 4 
0 .007 
0 . 0 0 9 
0 .011 
0 .013 
0 . 0 1 5 
















Cone, of COp 
_3 










obs 10.67 X 10"^(min." ' ' ) K^^^ = 7.42 x 10~^(min." ' ' ) 
Table - 6 
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V a r i a t i o n of Temperature 
Cone, of Glycine (a) = 0.020 mol dm" 
-3 
Cone, of Ninhydrin =0.16 mol dm 
I o n i c s t r e n g t h ( la ) = 1 , 0 mol dm 
pH = 5 .0 
t) 
-3 
Temperature = 333 K 
(Time) Cone, of CO2 
(Min.) (X) mol dm~^ 
Temperature = 323K 
Time Cone, of CO, 

































K -2, -1 obs 5.31 X 10 ' ' ( m i n . " ' ) ^obs " ^'^^ ^ 10"^(min." ' ' ) 
Table - 7 
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Variation of Nlnhydrin Concentration 
Cone, of Glycine ( a ) = 0.020 mol dm 
Ion ic s trength ( L ) = 1.0 mol dm 
Temperature = 343 K 









































_7= 0.13 mol dm 
Cone, of COp 










^obs ' ^ • 8 ' ' ^ 10"^(min." ' ' ) ^obs = 5.34 X 10"^(rain."^) 
Table - 8 
Variation of Nlnhydrln Concentration 
Cone, of Glycine (a) = 0.020 mol dm 




= 343 K 













'= 0 .15 mol dm"^ 
Cone, of CO2 





















_7= 0 . 1 4 mol dm"^ 
Cone, of CO2 
- 3 (X) mol dm 
0 . 0 0 3 
0 .004 
0 . 0 0 6 
0 . 0 0 8 
0 . 0 1 0 
0 .011 
0 . 0 1 3 
0 . 0 1 5 
.-2 - 1 
^obs " ^•^' ' ^ l O U i n . ) ^obs = 7 .16 X 10"^(min." ' ' ) 
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Table - 9 
V a r i a t i o n of pH 
Cone, of Glycine (a) = 0.020 mol dm"^ 
Cone, of Ninhydrin = 0 .16 mol dm 
l o n i e s t r e n g t h ( |a ) = 1 . 0 mol dm 













= 2 . 2 ' 
Cone, of COp 
(X) mol dm"^ 
0 .001 
0 .003 
0 . 0 0 6 
0 . 0 0 8 
0 . 0 0 9 
0 .011 
0 . 0 1 3 














= 3 . 0 
Cone, of COp 
(X) mcl dm"^ 
0 .001 
0 . 0 0 4 
0 . 0 0 6 
0 . 0 0 7 
0 . 0 0 9 
0 .011 
0 . 0 1 3 
0 .015 
^obs " ^'^^ ^ 10 ' ^ (min . "^ ) K^^^ - 3.51 x 10"^(inin." ' ' ) 
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Table - 10 
V a r i a t i o n of pH 
Cone, of Glycine (a) = 0.020 mol dm 
Cone, of Ninhydrln = 0.1 6 mol dm 
l o n l e s t r e n g t h ( L) = 1.0 mol dm 











pH = 4 .0 
Cone, of 


















pH = 6.0 
Cone, of COp 


















Table - 11 
V a r i a t i o n of I o n i c strenprth ( /a) 
Cone, of Glycine (a) 
Cone, of Ninhydrin 
Tenp e r a t u r e 
pH 
-3 
= 0.5 mol dm 
Cone, of CO2 








= 0.020 -3 mol dm 
_3 
=» 0 .16 mol dm 
= 343 K 
= 5 .0 










,5 mol dm" 
Cone, of COp 




















T a b l e - ' 
V a r i a t i o n of I o n i c 
Cone, of G l y c i n e (J 
Cone, of N i n h y d r i n 
T e m p e r a t u r e 
pH 
2 . 0 mol din~^ 
Cone, of CO2 
(X) mol dm"^ 
0 .001 
0 . 0 0 5 
0 . 0 0 7 
0 . 0 1 0 
0 .012 
O.OIA 
0 . 0 1 6 
12 
s t r e n g t h ( h) 
0 = 0 . 0 2 0 mol 
= 0.16 mol 
= 343 K 




^ = 2 . 5 mol dm 
Time 








Cone, of CO2 
(X) mol dm 
0 . 0 0 2 
0 . 0 0 5 
0 . 0 0 7 
0 . 0 1 0 
0 . 0 1 2 
0 . 0 1 4 
0 . 0 1 6 
^obs " ^^'^^ X 10"^(min."' ') K^^^ « 10.63 x 10''^(min."'^) 
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Table - 13 
V a r i a t i o n of Alanine Concen t ra t ion 
-3 
Cone, of Ninhydrin = 0 . 1 6 mol diri 
I o n i c s t r e n g t h ( ja) = 1.0 mol dm"-^  
Temperature = 3^3K 












J--- 0 . 0 1 0 mol dm"^ 
Cone, of COp 
(X) mol dm 
0 .001 
0 .002 
0 . 0 0 3 
0 . 0 0 4 
0 .005 
0 . 0 0 6 
0 . 0 0 7 
0 .008 
-3 
^ A l a n i n e 
Time 









J- -3 = 0 . 0 1 5 mol dm ^ 
Cone, of CO2 
(X) mol dm 
0 .001 
0 . 0 0 3 
0 .005 
0 . 0 0 6 
0 . 0 0 8 
0 .009 
0 . 0 1 0 
0 .011 
^obs " '^'^^ ^ 10"^(min." ' ' ) K^^^ = 7.77 x 10'"^(min." ' ' ) 
Table - 14 
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Variation of Alanine Concentration 
/ " A l a n i n e 7 
'mm - B ' 
Time 










Cone, of Nlnhydrln = 
I o n i c s t r e n g t h 
T e m p e r a t u r e 
PH 
= 0 , 0 2 0 mol dm"^ 
Cone, of CO2 





0 . 0 0 9 
0 . 0 1 1 
0 . 0 1 2 
0 . 0 1 5 
0 . 0 1 7 




0 .16 mol dm 
- 3 
1 , 0 mol dm 
343 K 














= 0 .025 mol dm"-^ 
Cone, of COp 
(X) mol dm'^ 
0 . 0 0 9 
0 .011 
0 .013 
0 . 0 1 4 
0 . 0 1 6 
0.017 
0 . 0 1 8 
0 . 0 2 0 
0 . 0 2 2 
^obs ° "^ '^ ^ ^  10"^(mln."'') ^obs ° '^ •^ '7 ^  10"^(mln."'') 
Table - 15 
Variation o£ Alanine Concentration 
Cone, of Ninhydrin 
Ionic strength ( |u) 
Temperature 
pH 
= 0 .1 5 mol dm 
-3 
= 1.0 mol dm 
= 3A3 K 
= 5 .0 
-3 
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^Alanlne_7= 0.030 mol dm"^ 
Time 
(Min.) 
Cone, of CO2 
(X) mol dm"^  
;/_"Alanine_7 = 0.035 mol dm"^  
Time Cone, of CO. 







































^obs = "^-^^ ^ 10"^ (min." ' ' ) ^obs = 7 .53 X 10 ' ^ (min . " ' ' ) 
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Table - 16 
V a r i a t i o n of Temperature 
Cone, of Alanine (a) = 0,020 mol dm 
-3 
-3 
= 0 ,16 mol dm 
-3 
Ckjnc. of Ninhydrin 
I o n i c s t r e n g t h ( |li) = 1 . 0 mol dm 
pH = 5 .0 
Temperature = 353K 
Time Cone, of CO2 
(Min.) (X) mol dm"^ 
Temperature = 348K 
Time 
(Min.) 
Cone, of COp 





























l o n i e 
pH 
Table 
Variation of ' 
of Alanine (a) 
of Ninhyarin 
strength ( jU) 












Cone, of CO^  


























,0 mol dm 
. 0 











Cone, of COp 









^obs " " -^^ 2 "^  10"^(min."'') K -2 -1 obs = 5.86 X 10 (inin. ) 
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Table - 18 
Variat ion of Temperatiire 
-7. 
Cone, of Alanine (a) = 0.020 mol dm"-^  
-3 
Cone, of Ninhydrin =0.16 mol dm 
Ionic strength ( jL) =1.0 mol dm 
pH = 5.0 
Temperature = 333K Temperature = 328K 
Time Cone, of CO2 Time Cone, of CO2 



































^obs = 3.71 X lO'^Cmin.-^) K , , = 2.86 x 10'^ (rnin."'') 
obs 
Table - 19 
Variation of Nlnhydrin Concentration 
Cone. Alanine (a) » 0,020 mol dm 
Ionic s t rength (h.) » 1,0 mol dm 
Temperature = 343K 














= 0 .12 mol dm'-^ 
Cone, of COp 






















0 .13 mol dm 
Cone, of CO2 









^obs = ^•^'^ ^ 10"^(mln"'') K^^^ = 3.51 x 10~^(min."^) 
Table - 20 
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Variat ion of Nlnhydrln Concentration 
0.020 mol dm 
-3 
Cone, of Alanine (a) = 
Ionic s trength {fa) = 1.0 mol dm 
Temperature = 3^3K 

































_/= 0.15 mol dm"^  
Cone, of COp 








^obs = ^'^^ "^ 10"^(mln."'') K -2 -1 obs = 6.44 X 10 (mln. ) 
Table - 21 
V a r i a t i o n of pH 
Cone, of Alanine ( a ) = 0.020 mol dm 
-3 
Cone, of Nlnhydrln = 0 .16 mol dm 
l o n i e s t r e n g t h ( jb) = 1.0 mol dm 



















































pH = 3.0 
Cone. , of CO2 



















^obs = ^ ' ^ ^ "^ 10~^(ra in . ' ' ' ) K^^^ = 3 .33 x 10"^(min . •^) 
Table - 22 
Variation of pH 
Cone, of Alanine (a) = 0.020 mol dm 
Cone, of Ninhydrin => 0,16 mol dm 
49 
lonie s t rength { ix) = 1 . 0 mol dm 














Cone, of CO2 
(X) mol dm'-^ 
0 . 0 0 2 
0 . 0 0 4 





0 . 0 1 6 
Time 








pH = 6 . 0 
Cone, of CO^  
_'5 








^obs = ^'^^ ^ lO'^Cmin."'') K^^^ = 10.36 x 10 '^(min . ' ' ' ) 
50 
Table - 23 



















,5 mol dm 
(a) 
Ln 
Cone, of CO2 










= 0.020 mo] 
= 0 .16 mol 
= 343K 
= 5 .0 












, -3 dm 
> mol dm 
Cone, of COp 









hhs " '7-^2 X lO'^Cmin."'') K^^^ = 7.77 x lO'^Cmin."'') 
Table - 24 
V a r i a t i o n of I o n i c S t r e n g t h 
Cone, of Alanine (a) = 0.020 mol dm~^ 
Cone, of Ninhydrin = 0 , 1 6 mol dm 
Temperature = 3A^ 3K 
pH = 5 .0 
5 1 




































,5 mol dm 
Cone, of CO2 









^obs ' '^•^^ ^ 10"^(min.~ ' ' ) K^^^ = 8.34 x 10~^(rnin."' ') 
Table - 25 
Variation of Phenyl Alanine Concentration 
Cone, of Ninhydrln = 0.16 mol dm 
Ionic strength (b) = 1,0 mol dm 
Temperature = 343 K 
pH = 5.0 
52 
^ P h e n y l Alanlne_7 = 0.020 mol dm"^ ^ P h e n y l Alanlne_7= 0.025 mol 
Time Cone, of CO2 Time Cone, of CO2 





























^obs " ' '^•®^ ^ lO '^Cmin . ' ' ' ) ^obs " ^^'^^ ^ 10"^(min ." ' ' ) 
Table - 26 
53 
Variation of Phenyl Alanine Concentration 
-3 0.16 mol dm 
-3 
Cone, of Ninhydrin = 
I o n i c s t r e n g t h ( ju ) = 1,0 raol dm 
Temperature = 3^3 K 
pH = 5 .0 
/"Pheny l Alanine^ 
Time 








J = 0 . 0 3 0 mol dm~^ 
Cone, of CO2 
(X) mol dm"^ 





0 . 0 2 3 
0 . 2 5 










_7= 0 .035 mol 
Cone, of COp 
(X) mol dm'^ 
0 . 0 0 9 
0 .012 
0 . 0 1 6 
0 . 0 1 9 
0 . 0 2 3 
0 . 0 2 8 
0 . 0 3 0 
^obs = ''^•^'^ ^ lO'^Cmin." ' ' ) -2 -1x ^obs " ''^•'^5 ^ ' '^ ^^^^* ^ 
Table - 27 
54 
V a r i a t i o n of Temperature 
Cone, of Phenyl Alanine (a) = 
Cone, of Ninhydrin = 
I o n i c s t r e n g t h ( ]b ) = 1,0 mol dm 
pH = 5 .0 
0.020 mol dm 
0,16 mol dm 
-3 
-3 
Temperature = 353 K 
Time Cone, of CO 
(Min.) (X) mol dm 
'2 
-3 
Tanpera ture = 348 K 
Time Cone, of CO 

























^obs " 24,18 X 10"^(min," ' ' ) ^obs " ' '^•^^ ^ 10"^(min.~' ' ) 
Table - 28 55 
V a r i a t i o n of Temperature 
Cone, of Phenyl Alanine (a) 
Cone, o£ Ninhydrin 
l o n i e s t r e n g t h ( la ) 
pH 
0.020 mol dm 
0.16 mol dju""^  
-3 1.0 mol dm 
5.0 
-0 
Temperatxare = 333 K 
Time Cone, of CO. 
(Min,) (X) mol dm"^ 
Temperature = 323 K 
Time Cone, of CO2 




















































Table - 29 
V a r i a t i o n of Ninhydrin 
Cone, of Phenyl 
I o n i c s t r e n g t h 1 
Temperature 
pH 
Concentra t : 
Alanine (a) = 
[jb ) 
' in_7 = 0.12 mol dm"^ 
Cone, of CO2 































m o l djfi 
K 
' - 0.13 mol dm 
Cone, of COp 














I o n i c 
Table - 30 
V a r i a t i o n of Nlnhydrln Concen t ra t ion 
of Phenyl Alanine (a ) = 0.020 mol dci"^ 














J = 0.14 mol dm 
Cone, of CO2 









= 1,0 mo] 
= 343 K 
= 5 .0 












= 0.15 tQol dm 
Cone, of CO2 

















of Phenyl Alanine 
of Ninhydrin 
strength ( |i ) 
Temperature 












Cone, of COp 












(a) = 0.020 
= 0 . 1 6 1 





= 1.0 mol dm 
= 343 K 
pH = 
Time 











Cone, of COp 










^obs = ^ ' ^ ^ ^ 10'^ (min." ' ' ) ^obs = ^-^^ ^ 10~2(min." ' ' ) 
Table - 52 
Variation of pH 
Cone, of Phenyl Alanine (a) = 0.020 mol dm~^ 
Cone, of Ninhydrin = 0.16 mol dm 
59 
lon ie s t rength ( li ) = 1 , 0 mol dm 












= 4 . 0 
Cone, of 




















Cone, of COp 







^obs = '^'^'^ ^ 10"^(min."' ') K^^^ = 18.42 x 10"^(min.''* ) 
60 
Table - 33 
Variation of Ionic Strengrth ( ja ) 
Cone, of Phenyl Alanine (a) = 0,020 mol dm"^ 
Cone, of Ninhydrin = 0.16 mol dm 
Temperature = 343K 













0,5 mol dm 
Cone, of CO2 



















1.5 mol dm 
Cone, of COp 








^obs ' '•2.89 X 10"^ (min."'') K^^^ = 11.72 x 10"^ (min."'') 
Table - 34 
61 
V a r i a t i o n of I o n i c S t r e n g t h ( ja) 
Cone, 
Cone, 














2 . 0 mol dm"-^  
Cone, of CO2 






















-5 0.020 mol dm 
_3 
0.16 mol dm 
343 K 
5 .0 
= 2 .5 mol dm"^ 
Cone, of COp 








^obs = ^5.57 X 10"2(mln." ' ' ) K 
obs 
-2, -1 
= 13.35 X 1 0 - ^ ( m i n . - ' ) 
62 
Table - 35 
V a r i a t i o n of Asparagine Concent ra t ion 
-3 
Cone, of Ninhydrin = 0 .16 raol dm 
Ion i c s t r e n g t h {la) = 1.0 mol dm 
Temperature = 3^3K 










= 0 .015 mol dm"^ 
Cone, of COp 
(X) mol dm 
0 .002 
0 . 0 0 6 
0 . 0 0 8 













J- _3 = 0 . 0 1 0 mol dm 
Cone, of COp 
_3 







^obs " ^^'^^ X 10"^(min." ' ' ) K^^^ = 18.42 x 10"^ (min." ' ' ) 
63 
Table - 36 
Variation of Asparagine Concentration 
Cone, of Ninhydrin = 
Ionic strength ( ja) = 
Temperature = 
pH 
0.16 mol dm -^  
1.0 mol dm 
343 K 
5 .0 
/ "Aspa rag ine /= 0.02 mol dm 
Time Cone, of CO, 




^"Asparagine /= 0.025 mol dm 
Time Cone, of CO 


































^obs " ^^'^^ X lO'^Cmin."'" ) ^obs " ' '^•^^ X 10~^(min."' ' ') 
Table - 37 64 
V a r i a t i o n of Asparaglne Concen t ra t ion 
Cone, 
I o n i c 
of Ninhydrln 
s t r e n g t h ( jLi) 
Tenperatiore 
pH 










Cone, of COp 













0.16 mol dm' 














7= 0.035 mol dm" 
Cone, of COp 







^obs = ' '^•^^ ^ 10-^(Min." ' ' ) K -2 -1 obs 17.56 X 10 ^ ( h i n . ' ) 
Table - 38 65 
V a r i a t i o n of Temperature 
Cone, of Asparaglne (a ) 
Cone, of Ninhydrln 
l o n i e S t r e n g t h ( ^ ) 
pH 
0.02 mol dm -3 
= 0 ,16 mol dm 
-3 
= 1.0 mol dm 
= 5 .0 
-3 
Temperature = 353K 
Time Cone, of CO2 
(Win.) (X) mol dm-3 
Temperature = 543K 
Time Cone, of CO2 




















0 . (JOb 
0 . 0 1 0 
0 .013 
0 .015 
0 . 0 1 6 
0 . 0 1 7 
0 .013 
^obs = 29.30 X 10-2(min ." ' ' ) K -2 -1 obs = 16.12 X 10 (min. ) 
Table - 39 66 
V a r i a t i o n of Temperature 
Cone, of Asparagine (a) = 0,02 mol dm -3 
Cone, of Ninhydrin 
l o n i e s t r e n g t h ( L ) 
PH 
= 0 .16 mol dm 
-'3 
= 1.0 mol dm 











Cone, of CO2 

















Cone, of CO2 








^obs ' 22 .26 X 10~^(min." ' ' ) ^obs = ^^'"^^ ^ 10"^ ( m i n . ' ' ' ) 
Table - 40 
Variation of Temperatiire 
67 
Cone, of Asparagine (a) 
Cone, of Ninhydrin 
Ionic s t r e n ^ h ( L) 
= 0.02 mol dm -3 
= 0.16 mol dm 
-3 
= 1.0 mol dm 
-3 










Cone, of CO2 



















srature = 323K 
Cone, of COp 
_3 









^obs = 8»50 X 10"^(min."'') ^obs = ^ •''5 ^  10'^(min."'') 
Table - 41 
Variation of Ninhydrln Concentration 
Cone, of Asparaglne (a) = 0,020 mol dm 
Ion ic s t r e n g t h ( U) = 1 , 0 mol dm 
Teraperatiare = 343K 














= 0.12 mol 
Cone, of ' 
dm ^ 
CO2 























Cone, of COp 










^obs " ^'^^ ^ 10"^(min." ' ' ) K^^^ = 7.42 x 10"^(min." ' ' ) 
69 
Cone. 
I o n i c 
T a b l e -
V a r i a t i o n of Ninh\ 
of Asparagine (a. 
s t r e n g t h ( L) 
Temperature 
pH 
/ " N i n h y d r i n 
Time 








7= 0 .14 mol cim 
Cone, of COp 
(X) mol dm~^ 
0 .003 
0 .005 




0 . 0 1 6 
42 
,'drin Concentr •at ion 
) = 0 . 0 2 0 mol dm~^ 
= 1 . 0 mol 
= 343K 
= 5 . 0 
^ N i n h y d r i r 
Time 









L_7= 0 .15 niol dm~^ 
Cone, of COp 
—3 (X) mo1 dm 
0 .002 
0.0^.7 





^obs " 10.74 X 10"2(min."^) ^obs = ^^'^^ ^ lO'^imin.'^) 
T a b l e - 43 70 
V a r i a t i o n of pH 
Cone, of A s p a r a g i n e ( a ) = 0 . 0 2 0 mol dm 
Cone, of N i n h y d r i n 
I o n i c s t r e n g t h ( iU) 
T e m p e r a t u r e 
= 0 .16 mol dm 
= 1.0 mol dm 
= 343K 
•3 
pH = 2 . 2 
Time Cone, of CO 
( M i n . ) (X) mol dm 
2 
-5 
pH = 3 . 0 
Time Cone, of CO,, 










0 . 0 0 4 
0 . 0 0 6 
0 . 0 0 8 
0 . 0 1 0 
0 .013 
0 .015 

















^ o b s = 6-67 X 1 0 " ^ ( m i n . " ' ' ) ^obs = ^ ' ^ ^ ^ 1 0 " ^ ( m i n . ~ ' ' ) 
T a b l e - kk 71 
V a r i a t i o n of pH 
Cone, of Aspara/^ine ( a ) = 0 . 0 2 0 raol dm 
Cone, of N i n h y d r i n 
I o n i c s t r e n g t h ( Aj) 
T e m p e r a t u r e 
= 0 . 1 6 mol dm 
= 1.0 nio 1 dm -3 
pK = 4 . 0 
Time Cone, of CO 
( M i n . ) (X) mol dm~^ 
pH = 6 . 0 
Time Cone, oi' CO 




























o . ' j i y 
^ o b s " ^^'^^ ^ 1 0 " ^ ( m i n . " ' ' ) K ^g = 2 0 . 7 2 X 10 ' "^ (min . "^ ) 
Table - 45 
Variation of Ionic Strength ( ki) 
n 
Cone, o l A s p a r a g i n e ( a ) 
Cone, ul' N i n h y d r i n 
T e m p e r a t u r e 
PH 
= 0 .020 mol dir. 
= 0 .16 mol dm 
= 343 K 
= 5 . 0 
• : > 
jU = 0 , 
Time 














(X) mol dm 
0.001 




0 . 0 1 6 
0 .017 
0 .018 











. 5 mol dm ^ 
Cone. Ox CO^ 
(X) mol dm 
0 .002 
0 . 0 0 5 
0 .008 
0 . 0 1 0 
0 .012 
(J. 014 
0 . 0 1 6 
0 .017 
^ o b s " ^^'^^ "^ l O ' ^ C m i n . " ' ' ) ^obs " "12.89 X 1 0 " ^ ( m i n . " ' ' ) 
73 
Table - 46 
Variation of Ionic Strength (^ fa) 
Cone, of A s p a r a g i n e ( a ) = 0 . 0 2 0 mo1 dm 
_3 
Cone, of N i n h y d r i n = 0 . 1 6 mol dm 
T e m p e r a t u r e = i^jiK. 
pH = 5 . 0 
- 3 1 o . _ . . _ - 3 jLi = 2 . 0 mol dm L = 2 . 5 mol dm" 
Time Cone, of COp Time Cone, of COp 
( M i n . ) (X) mol dm"^ ( M i n . ) (X) mol dm"-^ 
2 0 .002 
4 0 .006 
6 0 . 0 1 0 
8 0 . 0 1 3 
10 0 . 0 1 5 
12 0 . 0 1 6 
15 0 .017 
20 0 .018 
K v . = 1 5 . 4 3 X 1 0 " ^ ( m i n . " ' ' ) K , = 16 .12x10 ^ ( m i n . " ^ ) 

















Table - ^1 
Variat ion oT Serine Concentration 
74 
Cone, of Kinhydrin 
Ionic Strength ( jU) 
Temperature 
pH 
= 0 . 1 6 Hiol dm 
= 1.0 mol dm~-
= 5.0 
/ ~ 3 e r i n e _ 7 = 0 . 0 1 0 mol dm' 
Time Cone, of CO 
( M i n . ) (X) mol dm" 
-3 / " S e r i n e / = 0 .015 ;:iOl diif'' 
Time Cone, o r CO. 
























^ o b s " ' • ' ' •22 X 10"^ (min . ' " ' ' ) ^obs = ^^'^^ ^ 1 0 " ^ ( m i n . " ' ) 
75 
T a b l e - 48 
V a r i a t i o n S e r i n e C o n c e n t r a t i o n 
Cone, o r N i n h y d r i n = 0 . 1 6 mo1 dm 
I o n i c S t r e n g t h {id) = 1.0 mol dm 
T e m p e r a t u r e = 343K 
pH = 5 . 0 
^ " S e r l n e _ 7 = 0 . 0 2 0 mol dm~^ ^ S e r i n e / = 0 .025 mol dm~^ 
Cone, cf CO^ 




O . O I C i 
o.o-:,i 
0.02.: 
^ o b s " ^^'^^ ^ I 0 " ^ ( m i n . " ' ' ) K^^^ = 14 .04 x lo""^ (min.~^ ) 
Time 








Cone, of CO2 


















Table - 49 
Variation of Serine Concentration 
-3 
Cone, of Ninhydrin = 0.16 ™ol dm 
Ionic Strength ( jU) = 1.0 mol dm 
f~ Ser ine 
Time 










.7 = 0 . 0 3 0 mol dm"-^  
Cone, of CO2 
(X) mol dm 
0 .009 
0 .013 






= 5 . 0 










.7 = = 0 .035 nio 1 tim 
Cone, of COp 
(X) inol drr"-^ 
0 .015 
0 . 0 2 0 
0 .023 
J . 02b 
0 .028 
0 . 0 3 0 
0.031 
^obs = 14.50 X 10"^(min."'') K ^^ = 14.04 x 10"^(min."^) 
77 
Table - ^0 
V a r i a t i o n oi' Temperature 
Cone, of Ser ine (a ) = 0.020 mol dm 
-3 
Cone, of Ninhydrin = 0 .16 niol dm 
I o n i c S t r eng th ( JL) = 1 . 0 mol dm 
pH = 5 .0 
-5 
Tenpera ture = 353K Temperature = 3'^ 8K 
Time Cone, of COp Time Cone. Cx COp 
























^obs ~ - " ^ ^ - -^ V-— / -obs K >,„ = 21.49 X 10 (min." ' ' ) K , = 16.69 x 10~^(min." ' ' ) 
Table - 51 
78 
Variation of Temperature 
Cone, of Serine (a) 
Cone, of Ninhydrin 
Ionic Strength ( jU) 
PH 
= 0.020 mol dm 
= 0.16 mol dm~^ 
-3 
= 1.0 mol dm 
= 5.0 
-3 
Temperature = 333K 
Time Cone, of CO2 
(Min.) (X) mol dm"^ 
Temperature = 323K 
Time Cone, of CO2 





































^obs " ^'^'^ ^ 10"^(min."^) ^obs = ^'^^ "" 10"^(min."'') 
Table - 52 
Variation of Nlnhydrin Concentration 
Cone, of S e r i n e (a ) = 0 . 0 2 0 mol dm 
79 
Ionic Strength ( L) =1.0 mol dm 
Temperature = 3^ 3K 
pH = 5.0 
-3-
^"Ninhydrln / = 0 . 1 2 mol dm -^  / ~Nlnhydr in 7 = 0 . 1 3 :riol dm 
Time Cone, of CO2 Time Cone, of CO^  
(Min. ) (X) mol dm~^ (Mln. ) (X) moi dm~^ 
5 0 .001 2 0 .001 
10 0 .005 4 0 . 004 
15 0 .008 6 0 .005 
20 0.011 8 0 .0L7 
25 0 .013 10 0 .009 
30 0 .014 15 0 .012 
35 0 .015 20 0 . 0 14 
25 0.016 
^obs " ^*^^ ^ 10"^(min."'') K^^^ = 6 . b 7 x lO'^Crnin."'') 
T a b l e - 53 
V a r i a t i o n oi' N l n h y d r i n C o n c e n t r a t i o n 
Cone . o£ S e r i n e ( a ) = 0 , 0 2 0 mol dm 
I o n i c S t r e n g t h ( b ) = 1.0 mol dm 
T e m p e r a t u r e = 3^3K 
pH = 5 . 0 
80 











7 = 0 
Co: 
.14 mol 
n c . of 
dm 
CO^ 



















7 = 0 .15 !^ol dm 
Cone, of CO^ 








^obs " ^ • ° ' ^ ^ 1 0 " 2 ( m i n . " ^ ) K^^^ = 11 .13 x lO'^Crain." '^ ) 
81 
T a b l e - 5^ 
V a r i a t i o n of pH 
Cone , of S e r i n e ( a ) = 0 ,020 mol dm ' 
Cone, of N i n h y d r i n = 0 ,16 mol dm '' 
I o n i c S t r e n g t h ( ju) = 1,0 mol dm 
T e m p e r a t u r e = 343K 
pH = 2 . 2 pH = 3 . 0 
Time Cone, of CX)^  Time Cone, o i CO^ 






























v ) . . M ! ) 




^obs = 2 . 9 6 X 1 0 " ^ ( m i n , " ' ' ) K , ^ = 4 , 4 5 x 10"^ (min.""^ ) 
obs 
T a b l e - 55 
V a r i a t i o n ol' pH 
Cone , of S e r i n e ( a ) = 0 . 0 2 0 mol dm 
Cone, of N i n h y d r i n = 0 . 1 6 ir.ol dm 
I o n i c S t r e n g t h ( b ) = 1.0 mol dm 
T e m p e r a t u r e = 3'^3K 
82 
pH = 4 . 0 
Time Cone, of CO^ 
( M i n . ) (X) mol dm~^ 
Time 
( M i n . ) 
pH = 6 . 0 
Cone, of CO, 
























0 . 0 (J4 





^ o b s " ' ' •^2 "^ 10"^ (min . ^ ) K - 1 obs 2 3 . 0 3 X 1 0 " ^ ( m i n . " ) 
Table - 56 
V a r i a t i o n of I o n i c S t reng th ( ^ ) 
Cone, of Ser ine (a ) = 0.020 mol dm 
Cone, of Ninhydrin = 0.16 mol dm 
Temperature = 3^3K 
pH = 5 .0 
-3 -3 
Li = 0.5 mol dm JU = 1.5 rnol dm 
Time Cone, of COp Time Cone, of COp 






























^obs " '•''•^^ ^ 10"^(min. ' ' ' ) K^^^ = 1^.35 x 10"^(min."^) 
Table - 57 
84 
V a r i a t i o n of I o n i c S trength ( ki) 
Cone, of Ser ine (a ) 




= 0 . 0 2 0 mol am 
= 0 . 1 6 mol cim 
= 343K 












2 , 0 mol dm 
Cone, of CO2 



















= 2 . 5 
- 3 
mol dm 
Cone, of COp 










^obs " ^^'^^ ^ ^° ( m i n . " ' ) ^obs " '12.14 X 10"^ (min."'') 
Table - 58 
Variation ol" Kistidlne Concentration 
-3 
85 
Cone, of N i n h y d r l n e = 0 . 1 5 mol dffi 
I o n i c S t r e n g t h ( ja) = 1,0 mol dm 
T e m p e r a t u r e = j)'^ 3K 
pH = 5 . 0 
/ " H l s t i d i n e / = 0 ,010 mol dm~^ ^ ~ H i s t i d i n e _ 7 = 0 .015 mol dm" 
Time Cone, of COp Time Cone, o r CO^ 
-3 :z ( M i n . ) (X) mol dm"-^  (Min . ) (X) mol dm"^ 
2 0 .0001 2 
4 0 .003 4 
b 0 .005 6 
8 0 .007 8 
10 0 .008 10 











Table - 59 88 
Variation of Histidine Concentration 
Cone, of Ninhydrin 
Ionic Strength ( h) = 
Temperature = 
pH 
0 . 1 6 mol dm -
1.0 mo 1 dm "^  
343K 
5 . 0 











x\z. of COp 













Cone, of COp 
(... ) ;.,o : dm 
:-.C'J5 
( ' .012 
0.U18 
(1.020 
K^^g = 2 2 . 2 3 X 10"^(min."'') ^obs " ^^•^'' ^ 10"'^(niin."'') 
Table - 60 87 
Variation of Histidine Concentration 
Cone, 
I o n i c 
of N i n h y d r i n 
S t r e n g t h ( jb) 
T e m p e r a t u r e 
pH 
^ " H i s t i d i n e _ 7 = 
Time 






0 . 0 3 0 mol dm"^ 
Cone, of COp 
(X) mol dm"^ 
0 . 0 1 0 




= 0 . 1 6 mol 
= 1.0 mol 
= 5i^2 K 
= 5 . 0 
dm 
dm' 
/ " H i s t i d i n e 
Time 







7-• 0 . 055 mol dm"^ 
Cone, of COp 




0 . 0 3 0 
0 .032 
^obs = 23.41 X iC^Cmin."'') K ^g = 23.41 X 10~2(min."^) 
T a b l e - 61 
88 
V a r i a t i o n of T e m p e r a t u r e 
Cone. oT H i s t i d i n e ( a ) = 0 .020 mol am 
Cone. oT Ninhycir in = o ^^6 n '^ol dm 
I o n i c S t r e n g t h ( Ai) = 1.0 mol dm 
pH = 5 . 0 
T e m p e r a t u r e = 3:38K 
Time Cone, of CO 
(Min. ) (A.) mol dm 
2 
-3 
T e m p e r a t u r e -- .)^vK 
Time Cone, oi CO 







0 . 0 0 8 
0 .011 
0 . 0 1 3 
0 .015 








W . ; I ; ' 
0.006 
0 . 0 
0.: j l / ! -
0.015 
0.017 
K^h^ = ' ' 8 - ^ 7 X 10"^ (min . " ' ' ) K 
obs = 10 .67 X 1u~' ' (min. ^) 
T a b l e - 62 
V a r i a t i o n of TeruDerature 
89 
Cone, of H i s t i d i n o ( a ) = 0 , 0 2 0 rnol dm 
Cone, of N i n h y d r i n = 0.16 mol dm 
l o n i e S t r e n g t h { fa) = 1 . 0 mol dm 
pH = 5 . 0 
-3 
Temperature = 328K 
Time Cone, of CO. 
(Min. ) (X) mol dm~^ 
Temperature = 323K 
Time 
(Min. ) 
Cone, 01 COp 
































^ o b s = 9 . 2 1 x 1 0 ' ^ ( m i n . " ' ' ) K . -2 _ i b b s 7 .48x10 (min . ' ) 
T a b l e - 63 
90 
V a r i a t i o n of N i n h y d r i n Corxcen t ra t lon 
Cone , of H i s t i d i n e ( a ) 
I o n i c S t r e n g t h ( kx) 





0 . 0 2 0 mol dm" 
- 3 
1,0 mol dm 
343 K 
5 . 0 
^ ' N i n h y d r i n J- 0.^2 mol dm' 
Time Cone, of COp 
(Min. ) (X) mol dm~^ 
^ N i n h y d r i n / = 0 .13 ' ' 'ol ^^• 
Time Cone. o~ CO 














0 . 0 0 9 












0 . 006 
0.009 




^ o b s = 7 . 4 2 x 1 0 " ^ ( m i n . " ' ' ) ^obs " ^^'"^^ ^ 10~'-(niin."^ ) 
Table - 64 
V y r i a t i o n of r:inhvcirin Conc^nLration 
91 
Cone, of H i s t i d i n e ( a ) 
I o n i c o t r e n g t h ( jj) 
Temperature 
pll 
0.020 ::.ol dn: 
1.0 mo1 dm 
343 K 
5.0 
—3 /"Ninhydr in /= 0.14 mol dm /"Ninhydr in /= 0.15 '-'C)l dm 
Time 
(r-an.) 
Cone, o i CO 





Co;iC. Q:.' CO 

























I • ) 
^obs = 1^.96x10"^(min."^) ^obs = 18 .13x10-2( .d : . . - ^ ) 
T a b l e - 65 92 
V a r i a t i o n of pH 
Cone, o i H i s t i d i n e ( a ) = 0 .020 mol arn '^  
Cone, of N i n h y d r i n = 0 .16 mol dm 
I o n i c S t r e n r t h { h) = 1 , 0 mol dm ' 
T e m p e r a t u r e = 3^3K 
pH = 2 . 2 pli - : ' , o 
Time Cone, of CO 
( M i n . ) (X) mol dm' 
2 
-3 
Time Cone, oi' CO 












0 . 0 1 0 
0 . 0 1 2 
0 . 0 1 4 
0 .015 















^obs = ^ - ^ 5 "^ 10"^ ( m i n . " ' ' ) ^obs " ^''^^ ^ ^^ ^ ( m i n . " ^ ) 
T a b l e - 66 
V a r i a t i o n of pH 
Cone, of H i s t i d i n e ( a ) = 0 .020 mol dm 
- 3 
Cone, o i N i n h y d r i n = 0 .16 mol dm 
93 
I o n i c S t r e n g t h ( /a) = 1.0 mol dm 
T e m p e r a t u r e = 3'^ 3K 
pK = 4 . 0 pH = t.O 
Time Cone. oT COp Time Cone, c i' "O,^  


















0 . 0 ' J 4 




^ o b s " ^^'^^ ^ I 0 " ^ ( m i n . ^) K^^^ = 2 2 . 2 3 x 1 0 ~ 2 ( n i i n . ' ^ ) 
Table - 6? 
Variation oT Ionic iltrenp;th 
94 
Cone . o£ H i s t i d i n e ( a ) = 0 , 0 2 0 mol dm 
Cone, of N i n h y d r i n = 0 . 1 6 rnol dm~^ 
Temp e r a t i i r e = 343K 
pK = 5 . 0 
-5 
lb = 0 .5 mol dm 
Time Cone, of CO2 
(r-'^in. ) (X) mol dm 
b. = 1.5 Eol dm 
Time Cone, o _' C0„ 






0 . 0 0 3 
0 . 0 1 0 
0 .015 










r ) . 0 i 7 
J . 0 1 -
K ^^ = 2 4 . 1 8 X lO'^Cmin.""" ) ^obs = 2 ^ - ^ ^ "^  10"2( : : : in . "^ ) 
T a b l e - &^ 
V a r i a t i o n o i I o n i c . s t r e n g t h ( jl^ i ) 
Cone, of H i s t i d i n e ( a ) = 0 . 0 2 0 mol dm 
Cone, of N i n h y d r i n = 0 . 1 6 mol dm 
T e m p e r a t u r e = 3'^ 3K 










2. , 0 mol dm"-^  
Cone, of CC 
(X) mol dm" 
0 .003 














2. ,5 mol dni"' 
Cone, of >Xp 




- . 0 1 7 
0 . 0 1 -
^ o b s " 2 0 . 7 2 x 1 0 " ^ ( m i n . " ' ' ) K^^^ = 2 3 . 49x1 o"^ (min . "'^  ) 
Measurements r e l a t ed with the lormation of 
Ruhemann's purple . 
Table - 1 
96 
V a r i a t i o n ox Glycine Concen t ra t ion 
Cone, 
I o n i c 
of Ninhydrin 

















/"Glycine_7= 0.80 x 10"^ mol dm"^ 
Time Cone, of Ruhemanrfs p u r p l e 
(Min,) 
^ G l y c i n e _ / = 1.0 x 10~^ mol dm"^ 
Time Cone, of Ruiiamann's p u r p l e 
io\ 
mol dm -3 



































K -3 -1 lobs 5.823 X 10 -"(min. ' ) 
^2obs = ^'^^^ ^ 10"^(min. ^) 
^ lobs = ^'^^^ "" 10"^(min." ' ' ) 
K, - 2 -1 2obs = 5.211 X 10 ^(min. ) 
Table - 2 
Variation of Glycine Concentration 
Cone, of Ninhydrin = 0.025 mol dm"-^  
I o n i c S t r e n g t h ( h ) = 1.0 rnol dm 
Temperature = 353K 
pH = 5 .0 
97 
£"Glycine_7= 1.5 x 10"^inol dm"^ ^ G l y c i n e _ 7 = 2 .0 x 10 mol dm"' 
Time Cone, of Ruhemann's p u r p l e Time Cone, of Ruheniann^ p u r p l e 
(Min.) 10^x (Min.) 1 o \ 
-3 -3 





































^1obs = 5.716x10"^ ( m i n . ' ' ' ) K^^^3 = 6.456x10"^ (min." ' ' ) 
^2obs = 5.716x10"^ (min ." ' ' ) K^^^^ = 6 .456x10"^(min." ' ' ; 
Table - 3 98 






















/"Glycine_7= 3 .0 x I0~^inol dm"^  
Time Cone, of Riihemann's purple 
(Min.) 4 10 X 
mol dm -3 
^"Glycine /= 2.5x10"^ mol dm"^  
Time Cone, of Ruhemarin's purple 
(Min.) 10 X 





































^lobs " 5.307x10"^(min."'') 
^2obs " 5.307x10'^(min."'') 
^lobs " 5.834x10'^(min."'') 
^2obs " 5.83^x10"^(min."'') 
Table - 4 99 
Variation of Temperature 
Cone, of Glycine (a) 
Cone, or Ninhydrin 






1,5x10 mol LITQ 
0.02 mol dm"-^  
-3 
1,0 m o l dJTi 
5.0 
Temperature = 348K 
Time Cone, of Ruhemanris piorple 
(Min . ) 10 ,^x 
mol dm -3 
Temperature = 343K 
Time Cone, of Ruhemann's p u r p l e 










0 , 0 4 
0 .08 
0 . 1 2 
0 . 1 6 
0 . 1 9 














0 . 0 7 
0 . 0 9 
0 .11 
0 .12 
0 . 1 3 
K 1obs = 3 .862x10"^ (min."'') 
^2obs " 3.862x10"^ (min."' ') 
^ lobs = 2 ,148x10"^ (min."'^) 
^ 
-2 -1 
obs 2 , 1 4 8 x 1 0 ^(ffiin. ) 
Table - 5 
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V a r i a t i o n of Temperature 
-4 
I 
= 0.02 mol dm 
Cone, of Glycine (a) = 1.5x10"'^ rnol dm "* 
•3 Cone, of Ninhydrin 
Ionic Strength ( lU) = 1.0 mol dm 
pH = 5.0 
-3 
Time 












. of Ruhemanrfs 























Temperature = 358K 
Cone. of Ruhemann's p u r p l e 
4 
1U X 











^1obs = 8.653x10"^(min."') 
-2 
-1 
^2obs = 8.653x10"^(min."') 
^lobs " 7.468x10"^ (min."'') 
^2obs = 7.468x10"^ (min."'') 
Table - 6 
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Variation of Ninhydrin Concentration 
, . - 4 - 3 
Cone, of Glycine (a) = 1.5x10 mol dm 
Ionic Strength ( jU ) = 1.0 mol dm 
Temperature = 353K 
pH = 5.0 
-3 
/ 7 Winliydrin_7= 0 . 0 1 0 mol dm -3 ^ N i n h y d r i n / = 0 . 0 2 0 mol drn -3 
Time Cone, ox Ruhemann's purple Time Cone, of Ruhemann's purple 

















0 . 1 0 
0.12 
-3 (Min.) 
4 10 X 

















^lobs = 2.052x10"^ (min."'') 
^2obs " 2.052x10"^ (min."'') 
^lobs = ^.631x10"^(min."^) 
^2obs = ^ .631x10"^ (min."'') 
Table - 7 
102 
V a r i a t i o n of Ninhydrin Concen t ra t ion 
Cone, of Glycine (a ) = 1.5x10 uiol dm 
I o n i c S t r e n g t h ( JU ) = 1.0 mol dm 
Temperature = 353K 
pH = 5 . 0 
-3 
/ " N i n h y d r i n / = 0.030 miol dm"^ / "Ninhydr in /= 0.035 mol dm~^ 
Time 
(I^^in.) 
Cone, of Ruhemann's 
p u r p l e 
4 10 X 
mol dm -3 
Time 
(Kin . ) 
Cone, of Ruhemann's 
p u r p l e 







































^ l o b s = 7 . 7 7 7 x l 0 - ^ ( m i n . ' ' ' ) 
^2obs = 7 .777x10-2 (min . ' ^ ) 
-1 
'1obs - 9.506x10 ^(min. ) 
^2obs = 9 . 5 0 6 x 1 0 - - ( m i n . - ' ) 
Table - 8 
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Cone, o r G l y e i n e 
Cone, of Winhydr; 
I o n i c S t r e n g t h ( 
T e m p e r a t u r e 
= 5 . 5 




Cone, of Ruhemann's p \ i r p l e 
) 10^x _3 
mol dm 
0 . 0 0 
0 . 0 9 
0 . 1 6 
0 . 2 0 
0 . 2 6 
0 . 3 0 
0 . 3 3 
0 . 3 6 
0 .80x10"^ 






















01 Ruhemarrfs p u r p l * 
1 o \ _3 
mol dm 
0 . 0 4 
0 . 1 7 
0 . 2 7 
0 . 3 9 
0 . 4 3 
0 .45 
0 . 4 9 
^tobs = 9.771x10"^ (min.''') 
^2obs = 9.771x10"2(inin."^) 
^1obs = 14.871x10"^ (min."'^ ) 
^2obs " 1^.871x10~2(min.~'') 
Table - 9 104 
Variation of Ionic Strength ( jb ) 
Cone, of Glycine (a) 




1,5x10 mol drn 

















0 , 5 mol dm"^ 
, of Riohemann's 
p u r p l e 
lO^x 
mol dm 
0 . 0 1 
0 . 0 8 
0 ,13 
0 , 1 9 
0 , 2 4 
0 , 2 8 
0 . 3 2 
0 .35 


















, of Ruhemann's 
p u r p l e 
mol dm 
0 ,01 
0 , 0 6 
0 .15 
0 ,21 
0 , 2 5 
0 , 2 8 
0 ,31 
0 , 3 4 
0 . 3 6 
K lobs = 5,131x10"^ (min,"'') K -3 -1 lobs = 5.101x10 -^ (min, ) 
^2obs = 5.131x10"^(min."'') ^2obs = 5.101x10"^iEin."^) 
Table - 10 
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V a r i a t i o n of I o n i c S t r e n g t h ( |u ) 
Cone, of Glycine = 




1.50x10 mol dm 















M = 2 
Cone. 
-5 

























h = 2, 
Cone, 
-3 
.5 mol dm 
. of Ruhemann's 
purple 











.-3 - 1 K = 5.023x10 -^(min. ' ) lobs ^^lobs "" 6.004x10"^ (min. "^ ) 
K - 2 - 1 2obs 5 .023x10"^( i3 in . " ' ) K 2obs = 6.004x10"^ (min. "'^) 
Table - 11 
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V a r i a t i o n of Dimethyl Su l fox ide (DMSO) 
Cone, of Glycine ( a ) 
Cone, of Ninhydrin 
I o n i c S t r e n g t h ( jLi) 
Temperature 
pH 
= 0.50 X 10"^ mol dm"-^  
= 0.025 mol dm 
















10?^ v / v 
, of Fbahemann' s 





















20% v / v 











S o b s = 8.799x10"^ ( m i n . ' ' ' ) K^^^^ = I4 .520x10"^(min ." ' ' ) 
^2obs = 8.799x10"^ (min ." ' ' ) K^^^^ = 14.520x10"^ (min ." ' ' ) 
Table - 12 
107 
V a r i a t i o n of Dimethyl S u l f o x i d e (DHSO) 
Cone, of G l y c i n e ( a ) 
Cone, of Ninhydrin 
I o n i c S t r e n g t h ( ii ) 
Temperature 
pH 











DM30 = 305o v / v 
Time 
(Min . ) 
Cone, of Ruhemann's 
p u r p l e 
4 10 X _^ 
mol dm "^  
IX-150 = 4 a i v / v 
Time Cone, of Ruiiemann's 
p u r p l e 










0 . 0 6 
0 .14 
0 .22 
0 . 2 5 
0 . 2 9 
0 . 3 4 











w . 1 ^ 
0.32 
0 . 3 9 
U.42 
0 , 4 4 
^Mobs " 2 0 . 4 2 8 x 1 0 " ^ ( m i n . " ' ' ) 
^ o b s " 2 0 . 4 2 8 x 1 0 " ^ (min . " ' ^ ) 
K 1obs 27 .6 l6x10" ' 'U ; - i n . 
Ko^ho " 2 7 . 0 1 6 x 1 0 "(.::.in. 
Table - 13 108 
Variation of Methyl Cellosolve 
-^ „_ . ._ -3 Cone, of Glycine (a ) = 1.0x10 mol dm 
-5 Cone, oi Ninhydrin = 0,025 mol dm 
I o n i c S t r e n g t h ( (i ) = 1.0 mol dm"^ 
Temperature = 353K 











Cellosolve = 5% v/v 























solve =10^ v/v 
of Ruhemann* s 
purple 









^lobs = 7.785x10"^ (min."^) K^^^^ = 9.921x10""^  (min."'') 
^2obs = 7.785x10-2 (min."'') K^^^^ = 9. 921x10"^ (min. "^} 
Table - 14 109 











Cone, of Glycine (a 
Cone, of Ninhydrin 
I o n i c Strength ( 
Temperature 
pH 
Ce l loso lve = 20^ v / v 









































Cel loso lve = 30% v/v 
Cone ;, of Ruhemann's 
purple 









^lobs = 14.139x10"^ (min."'') K^^ g^ = 18.637x10"^ (min." ' ' ) 
^2obs = 14.139x10"^ (min ." ' ' ) ^'2obs = 18. 637x10"^ (min." ' ' ) 
Table - 15 1 1 0 
Variation of OC- Alanine Concentration 
Cone, of Ninhydrin = 
I o n i c S t r e n g t h ( JU) = 
Temperature = 
pH 
0.025 mol dm~^ 
-3 
1,0 mol dm 
353K 
5 .0 
l_ Alanine_7= 0.80x10 mol dm""^  
Time 
(Mln. ) 
Cone, of Ruhemann's 
p u r p l e 
10^x , 
mol dm 
_ _ -4 -3 
/ A l a n i n e / = 1,0x10 mol dm 
Time Cone, of Ruhemann's 
p u r p l e 
(Mln.) 4 10 X 



































^Mobs = 5.832x10"*^(min."' ') 
^2obs " 5.832x10"^ (mln. "'^) 
^ lobs = 5,271x10"^ (mln ," ' ' ) 
^2obs = 5,271XI0"^ (ruin,•'^) 
Table - 16 111 
Variation of QC- Alanine Concentration 













Cone, of Ninhydrin 
I o n i c S t r e n g t h (|a ) 
Temperature 
pH 
-4 -3 1.5x10 mol dm "^  
. of Ruhemann's 
p i i rp le 











= 0.025 -3 mol dm 
=s 1.0 mol 
= 353K 
= 5 .0 













dm -^  
-4 -3 2.0x10 mol dm 
, of Ruhemann's 












K -3 -1 lobs = 5.271x10 -"(min."') 
^2obs = 5.271x10"2(min.'^) 
^lobs ' 6.217x10"^(min."'') 
^o 
.-2 -1 
bs 6.217x10 (min. ) 
Table - 17 112 
V a r i a t i o n of o c - Alanine Concen t ra t ion 













Cone, of Ninhydrin 
I o n i c S t r eng th (jU ) 
Temper a t vjre 
pH 
3.0x10 mol dm -^ 
;, of Ruhemann's 
p u r p l e 
k 











= 0.025 mol dm 
-3 
= 1.0 mol dm 
= 353K 
= 5 .0 















-4 -3 5x10 mol dm "^  
of Ruhemann's 












^Mobs = 5.455x10"^ (min."^) 
^2obs = 5.455x10-2 (min ." ' ' ) 
^ lobs " 5.623x10"^(min." '^) 
^^2obs " 5 .623x10"^(min." ' ' ) 
Table - 18 113 
Variation of Temperatxare 
Cone, o£ OC-Alanine (a) 
Cone, of Ninhydrin 
Ionic Strength ( |U ) 
pH 
-4 -3 
1.5x10 mol dm "^  
0.025 mol dm 




















































^lobs = 2.426x10"^ (min."'') K^^^^ = 3.589x10"^ (rrdn."'') 
^2obs = 2.426x10~2 (min.-'') K^^^^ = 3.589x10"^ (min."'') 
Table - 19 
1 1 4 
Variation of Temperature 












Cone, . of Ninhydrin 
Ionic Strength ( 
pH 
Temperature = 358K 




































Temperature = 363K 
) 
Cone, of Ruhemann's 
purple 
4 











S o b s = 6.956x10"^ (min."' ') 
^2obs = 6.956x10~2 (min."' ') 
S o b s ' 8.670x10"^(min."'') 
^2obs " 8. 670x10"^ (rein."'') 
Table - 20 115 
Variation of Ninhydrin Concentration 
Cone, of Alanine (a) 
Ionic Strength ( ji) 
Ten5)erature 
pH 
-4 -3 1.5 X 10 mol dm -^  



















i n = 0.010 mol 
of Ruhemann's 























in = 0.020 mol dm"^ 
of Ruhemann's 
p u r p l e 










^lobs = 2.004x10"^ (min."'') 
^2obs " 2.004x10"^ (min."'') 
^lobs = ^.066x10"^(min."^) 
^2obs = ^ .056x10"^ (min."'') 
Table - 21 116 
V a r i a t i o n o£ N i n h y d r i n C o n c e n t r a t i o n 
- 4 - 3 C o n e , of A l a n i n e ( a ) = 1,5 x 10 mol dm 
—3 I o n i c S t r e n g t h ( fi ) = 1.0 mol dm 
T e m p e r a t i i r e = 353K 
pH = 5 , 0 
C o n e , of N i n h y d r i n = 0 , 0 3 0 mol dm 
Time Cone , of Ruhemann 's 
puj rp le 
-3 
( M i n , ) 10 X 
mol dm -3 
Cone, of N i n h y d r i n = 0 . 0 3 5 niol dm 
Time Cone, of Ruhemann 's 
p io rp le 






































K -3, -1 1obs = 7.709x10 ^ (min . " ' ) 
^2obs = 7.709x10~2 (min."' ') 
K 3, -1 lobs = 10.480x10 ^(min. ) 
^^2obs " 10.480x10"^(min."'') 
Table - 22 
V a r i a t i o n of pH 
-4 - 3 
Cone, of Alanine (a) = 0.8x10 mol dm 
- -3 Cone, of Ninhydr in = 0.025 mol dm 
I o n i c S t r e n g t h ( |U) = 1.0 mol dm 















, of Rxihemann's 
p u r p l e 




























p u r p l e 











^1obs = 6.794x10"^ (min ." ' ' ) K^^^^ - 13.66lx10~^ (min. ' ' ) 
^2obs = 6.794x10"^ (min ." ' ' ) K^^^^ = 13.66lx10"^ (min." ' ' ) 
Table - 23 118 
Variation of Ionic Strength ( |Li) 












Cone, of Ninhydrin 
Temperature 
pH 
fi = 0. 
Cone, 
-3 5 mol dm 
of Ruhemann's 






































, of Ruhemann's 
p u r p l e 











^lobs = ^ .725x10"^ (min. ^) 
^2obs = ^ .725x10"^ (min. ~^) 
^lobs " 5.139x10"^ (min."^) 
^obs = 5.139x10"^ (min."'') 
Table - 2k 119 
V a r i a t i o n of I o n i c S t r e n g t h ( |li ) 
-4 -3 
Cone, of Alanine ( a ) = 1.5x10 mol dm 
-3 


















2 .0 mol dm~^ 
, of Ruhemann's 
p u r p l e 






















f^  = 2 . 5 mol dm 
Cone, of Ruhemann's 
p u r p l e 











^1obs " 5 .468x10"^(min."^) K^^^^ = 5 .109x10"^(n in . "^) 
^2obs = 5.468x10"2(min."^) '^2.Q\)S = 5.109x10"^(min." ' ' ) 
Table - 25 120 
V a r i a t i o n of Dimethyl SulToxide (DKiSO) 
Cone, or Alanine ( a ) 
Cone, of Ninhydr in 
I o n i c S t r e n g t h iji) 
Temperature 
pH 
0,50x10"^ mol dm'-^ 
= 0,025 mol dm 
_3 
















10% v / v 
. of Ruhemann's 
p u r p l e 





















20% v / v 
:, of Ruhemann's 
p u r p l e 









K .-3 -1 ,'3 -1 1obs = 8.521x10 -"(min. ' ) K^^^^ = 14.694x10 ^ (min. ' ) 
^2obs = 8.521x10"^ (min ." ' ' ) K^^^^ = 14.694x10"^ (min ," ' ' ) 
Table - 25 1 2 1 












I o n i c 
of Alanine ( a ) 
of Ninhydrin 
S t r eng th ( |u ) 




= 30?^ v / v 
, of Ruhemann's 
p \ i rp le 









-4 - 3 



















EMSO = 40^ v / v 
Cone, of Ruhemann's 












^ lobs = 19.277x10"^ (min ." ' ' ) K^^^^ = 2 3 . 609x10"^ (min. ""^) 
K ,-2 -1 -2 -1 2obs = 19.277x10 ^ ( m i n . " ' ) ^^^^ ' 23 .609x10"^ (min . " ' ) 
Table - 27 122 
V a r i a t i o n of Methyl C e l l o s o l v e 
Cone. o-C Alanine = 
Cone, of Ninhydrin = 
























Ce l lo so lve 
Cone, 
= 5% 
, of Ruhemann's 
p u r p l e 



















Ce l lo so lve =10% v /v 
Cone. of Ruhemann's 
p u r p l e 









K -3 -1 lobs = 7.692x10 - " (min . " ' ) ^1obs " 10. 548x10"^ (min." ' ' ) 
^2obs = 7.692x10 ^ (min . " ' ' ) K^^^^ = 10.548x10"^(irdn."^ ) 
Table - 28 123 
V a r i a t i o n of Methyl C e l l o s o l v e 
Cone, of Alanine 
Cone, of Ninhydrin 




1.0x10 mol dm 
0.025 mol dm 
-3 






































Cellosolve = 30)^ v/v 











^ lobs = 1^.649x10 ^ ( m i n . " ' ' ) 
^2obs = 1^.649x10"^(min." ' ' ) 
^1obs " 18.952x10"^(min." '") 
^2obs " 18.952x10"^(min." ' ' ) 
Table - 29 124 
Variation of Phenyl Alanine Concentration 
Cone, of Nlnhydrln 
lo i j l c S t r e n g t h 







0.025 mol dm' 
- 3 




^ P h e n y l 











Alanine / = 
-4 -5 10 mol dm ^ 
Cone. of Ruhemann's 
p u r p l e 
4 























Alanine / = 
-4 -3 10 mol dm 
Cone, of Ruhemann's 
p u r p l e 















4.577x10"^ (mln."'') K 





Table - 30 125 
Variation of Phenyl Alanine Concentration 
-3 0.025 mol dm 
-3 
Cone, of Ninhydrin = 
I o n i c S t r e n g t h ( jLi) = 1.0 mol dm 
Teii5)erature = 353K 
pH = 5 . 0 
^"Phenyl Alanine^/ = 
1.5 X 10"^ mol dm"-^  
^"Phenyl Alanine / = 
-4 -3 












Cone, of Ruhonann's 
p u r p l e 






















Cone, of Ruhemann's 
p u r p l e 















= 5.113x10"^(min." ' ' ) 
= 5.113x10""^(min."'' ) 
^ lobs = 6.350x10"^ (min ." ' ' ) 
^ o b s " 6 .350x10"^(min." ' ' ) 
Table - 31 
126 
V a r i a t i o n of Phenyl Alanine Ckancentration 
Cone, of Ninhydrin 







0.025 mol dm'^ 
-3 
1,0 mol dm 
353K 
5 . 0 
/ "Phenyl Alan ine_ / = 
- 4 - 3 2 .5 X 10 mol dm -^  
Time 
(Min.) 
Cone, of Ruhemann's 
p u r p l e 
4 10 X 
mol dm -3 
/"Phenyl Alanine / -
-4 " -3 
3 .0 X 10 mol dm 
Time 
(Min,) 
Cone, of Ruhemann's 
p u r p l e 
4 10 X 





































^1obs = 7.012x10"^ (min. "^ ) 
^2obs = 7 .012x10-2( inin ."^) 
^ lobs 
^ o b s 
5.826x10"^ (min." ' ' ) 
5.826x10"^ (min." ' ' ) 
Table - 32 127 
V a r i a t i o n of Temperatixre 
Cone, of Phenyl Alanine (a) 
Cone, of Ninhydrin 
I o n i c S t r e n g t h ( li ) 
pH 
-4 -3 
1.5x10 mol dm 
0.025 mol dm 
-3 














)erature = 348K 



































S o b s = 3 .765x10"^(min."^) S o b s = 2 .209x10"^(min." ' ' ) 
^2obs " 3.765x10"^ (min ." ' ' ) K2Q^S " 2 .209x10"^(min." ' ' ) 
Table - 33 128 
Variat ion of Temperature 
Cone, of Phenyl Alanine (a) 
Cone, of Ninhydrin 
l o n i e Strength ( fi ) 
pH 
-4 -3 


































































^ lobs = 9.217x10"^ (min." ' ' ) 
^ o b s " 9 .217x10"2(min."^) 
^ lobs = 7 .334x10"^( r . in . "^) 
^2obs " 7.334x10""^(min."' ') 
Table - 34 129 
V a r i a t i o n of Nlnhydr in Ck?ncentration 
Cone, of Phenyl Alanine ( a ) = 1,5x10 mol dm -^  
I o n i c S t r e n g t h ( |i ) 
Temperature 
PH 
















= 0.010 mol dm"^ 
of Ruhemann's 
p u r p l e 





















r i n ]•• 
Cone. 
= 0.020 mol dm~^ 
of Ruhemann's 
p u r p l e 










S o b s ° 1.976x10'^Cnin.""^) 
1.976x10"^(min."' ' ) 
^ o bs 
S o b s " 3.839x10"^ (min ." ' ' ) 
^^obs = 3.839x10"^(min.~ ' ' ) 
Table - 35 130 
Variat ion of Ninhydrin Concentration 
Cone, of Phenyl Alanine (a) = 1,5x10 mol dm 
I o n i c Strength ( jx ) 
Temperature 
pH 




/~Ninhydrin_7 = 0,030 mol dm 
Time 
(Min. ) 
Cone, of Ruhemann's 
purple 
lO^x 
mol dm -3 
^Ninhydrin_7= 0.035 mol dm -3 
Time 
(Min,) 
Cone, of Ruhemann's 
purple 
lO^x 





































K -3, - 1 lobs 7.210x10 -^(min. ' ) 
^2obs = 7 .210x10"2(min."^) 
^1obs = 9.262x10"^ (min ." ' ' ) 
^2obs = 9.262x10~2(min." ' ' ) 
Table - 36 131 
V a r i a t i o n of pH 
Cone, of Phenyl Alanine 
Cone, of Ninhydrin 
l o n i e S t r eng th ( jU ) 
Temperatiire 
0.80x10 raol dm~^ 
0,025 mol dm 
_3 















» 5 ,5 
, of Ruhemann's 
p u r p l e 
4 
10 X , 
mol dm 
0 , 0 6 
0 . 1 0 
0 . 1 4 
0 . 1 8 
0 .22 
0 . 2 3 
0 . 2 5 
0 . 2 6 
Time 












= 6 . 0 
of Ruhemann 's 
p u r p l e 
4 10 X _3 
mol dm 
0 .07 
0 . 1 7 
r, 9^ 
0 .32 
0 . 3 8 
0 . 4 3 
0 . 4 5 
0 . 4 6 
0 . 4 7 
^ lobs " 6 .846x10"^(min." ' ' ) 
^2obs " 6 .846x10"^(min . ' ' ' ) 
^ lobs = 1^.654x10"^ ( m i n . " ' ) 
^ o b s = 1^.654x10"^ (min ." ' ' ) 
Table - 37 132 
V a r i a t i o n of I o n i c S t r e n g t h ( lU ) 
- 4 -3 
Cone, of Phenyl Alanine (a ) = 1.5x10 mol dm 
Cone, of Nlnhydrin = 0.025 mol dm"'' 
Temperature = 353K 


















50 mol dm 
;. of Ruhemann' s 
purple 










































' 5.326x10"^ (min."'') 
^2obs ' 5.716x10"^ (min ." ' ' ) ^^^^^ " 5 .326x10"^(min." ' ' ) 
Table - 38 133 
V a r i a t i o n of I o n i c S t r e n g t h ( |U ) 
- 4 -3 
Cone, or Phenyl Alanine (a) = 1,5x10 mol dm 
Cone, of Ninhydrin = 0.025 mol dm"*^  
Temperature = 353K 

















,0 mol dm 
, of Ruhemann's 









































S o b s = 5.109x10"^ ( m i n . ' ' ' ) K^^^^ = 5.3 58x10"^ (min." ' ' ) 
^2obs " 5 .109x10"^(min . ' ' ' ) K2Q^3 = 5 .358x10"^(min." ' ' ) 
Con 
Con 
T a b l e - 39 
V a r i a t i o n o£ Dimethyl 
c, or 
c. of 
P h e n y l A l a n i n e 
N i n h y d r i n 














= 10?6 v / v 
of Ruhemann 's 
p i iPp le 
4 10 X _3 
mol dm 
0 .01 
0 . 0 5 
0 .11 
0 , 1 7 
0 . 2 0 
0 . 2 1 
0 . 2 4 
(a : 































-4 ^ - 3 
.1 dm~^ 
dm"^ 
= 205^ v / v 
of Ruhemann' s 
p u r p l e 
4 
10 X _3 
mol dm 
0 . 0 9 
0 . 1 6 
0 . 2 4 
0 . 2 8 
0 . 3 0 
0 . 3 2 
0 . 3 4 
0 . 3 4 
K 1obs = 8.312x10"^ (min." ' ' ) K^^^^ = 16.399x10"^ (min. ' " ' ) 
^2obs = 8 .312xl0"2(min ." ' ' ) K^^^^ = I6 .399x10"^ (min . ' ' ' ) 
Table - 40 135 
V a r i a t i o n of Dimethyl Sul foxide (DMSO) 
Cone, of Phenyl Alanine ( a ) = 0,50x10" mol dm 
Cone, of Ninhydrin 
l o n i e S t r eng th ( p. ) 
Temperature 
pH 
= 0.025 mol dm 
—3 
= 1,0 mol dm 
» 353K 















30P/i v / v 
of Ruhemann's 



























, of Ruheniann's 












K .-3, -1 1obs = 23.522x10 -^(min. ' ) K^^^^ 32.00x10"^ (min ." ' ' ) 
^2obs ' 23.522x10"^ (min ." ' ' ) K2Q^S " 32.00x10"^(min.""' ') 
Table - 41 
V a r i a t i o n of Methyl C e l l o s o l v e 
-4 -3 
Cone, of Phenyl Alanine = 1,0x10 mol dm 
-3 Cone, of Ninhydrin = 0,025 irol dm 
I o n i c S t r eng th ( JJ ) = 1.0 mol dm 
Temperature = 353K 

















l l o s o l v e = 5yb 
of Ruhemann', 
p u r p l e 
























l l o s o l v e = 10/^ v /v 










^ lobs ' 8 .109x10"^(min."^) K^^^^ » 10.596x10~^(min." ' ' ) 
^2obs " 8,109x10"2(min, ' '^) K^^^^ = 10,596x10"^(nin ,"^ ) 
Table - 42 137 
V a r i a t i o n of Methyl C e l l o s o l v e 
Cone, of Phenyl Alanine 
Cone, of Ninhydrin 




1.0x10 nol dm 
= 0.025 mol dm 
-3 


















































^1obs ' 15.542x10'^ ( m i n , ' ' ' ) K^^^^ = 19, 033x1 o"^ ( m i n . " ' ) 
^2obs " 1 5.542x10"^(min. '•^) K^^^^ = 19.033x10"^(min." ' ' ) 
Table - 43 138 
Variation of Aspartic Acid Concentration 
-3 
Cone, of Ninhydrin = 0.025 mol dm 
I o n i c S t r eng th iji) = 1.0 mol dm 
Temperature = 353K 
pH - 3 .0 
-3 
/ ["Aspar t ic Acid / = 
-4 -3 
0.80 X 10 mol dm "^  
Time 
(Min.) 
Cone, of Riohemann's 
p u r p l e 
10 X 
mol dm -3 
/ " A s p a r t i c Acid / = 
-4 ' _3 
1.0 X 10 mol dm 
Time 
(Min.) 
Cone, of Ruhemann's 
p u r p l e 
lO^x 



































^ lobs " 5.728x10"^ (min."^) K^^^^ = 5.951x10"*^ (min ." ' ' ) 
^ o b s " 5.728x10""^(min."' ') K^^^^ = 5.951x10~^(min."^ ) 
Table - 44 
139 
V a r i a t i o n of A s p a r t l c Acid Concen t ra t ion 
Cone, of Ninhydrin 
I o n i c S t r eng th ( fi ) 
Temperature 
pH 
= 0.025 mol dm 
-3 




/ " A s p a r t i c Acid / « 
1.5 X 10"^ mol dm~^ 
Time 
(Min. ) 
Cone, of Ruhemann*s 
p u r p l e 
i o \ 
mol dm -3 
/ A s p a r t i c Acid_7 = 
2 .0 X 10 mol dm"^ 
Time 
(Min.) 
Cone, of Ruhemann'3 
purple 






































^lobs = 5.113x10"^ (min."'') ^1obs = 6.332x10'^ (min."'') 
^2obs " 5.113x10"^ (min."'') K^^^^ = 6.332x10"^ (min."'') 
Table - 45 
140 
Variation of Aspartic Acid Concentration 
Cone, of Ninhydrin 







0.025 mol dm"^ 
-3 
1.0 mol dm 
353K 
5.0 
^ Aspartic Acid / = 
-4 -3 
2 .5 X 10 mol dm ^ 
Time 
(Min.) 
Cone, of Ruhemann's 
p i i rp le 
4 10 X 
mol dm -3 
/ " A s p a r t i c Acid / = 
-4 -3 
3 . 0 X 10 mol din ^ 
Time 
(Min. ) 
Cone, of Ruhemann's 
p u r p l e 
io\ 





































^ lobs " 6.678x10"^ (min ." ' ' ) K^^^^ = 5.881x10"^ (min. "^ ) 
^2ob3 " 6.678x10"^ (min ." ' ' ) K2Q j^g = 5.881x10"^ (min." ' ' ) 
1 4 1 
Table - 46 



















A s p a r t i c Acid ( a ) 
Ninhydrin 
s t r e n g t h ( p ) 











0 . 0 5 
0 .08 
0 . 1 2 
0 . 1 7 
0 . 2 1 
0 . 2 4 
0 . 2 6 
0 , 2 8 
J i O v - i n ' " ^ / ^ . ^ - 1 \ 
= 1 
» C 
= 1 . 












. 5 x 1 0 
1.025 mo: 
mo 1 dm 
L am "^  
0 mol dm'"^ 
0 
Temperature = 343K 
Cone, 
) 
, of Rxihemann' s 





0 . 0 5 
0 . 0 8 
0 . 1 0 
0.11 
0 .12 
0 . 1 4 
' - . . 0 - 3 , , - 1 ^ 
^2obs ' ^ . 032x10"^ (min. '• ' ' ) 
^ lobs " 2.206x10 -^(min. ) 
^2obs = 2.206x10"2(min.~'^) 
Table - 4? 142 
Variation of Temperature 
Cone, of Aspartic Acid (a) 
Cone, of Ninhydrin 
lonie Strength ( fa ) 
PH 
-4 1.5x10 mol dm 
= 0.025 mol dm 















Temperature = 363K 
Cone. of Rvjhemann' s 
p u r p l e 
4 
mol dm 
0 . 1 0 
0 . 2 5 
0 . 3 9 
0 . 5 0 
0 . 5 6 
0 .63 
0 , 6 5 
0 . 6 7 
0 . 6 8 













p u r p l e 
4 10 X _3 
mol dm 
0.05 






0 . 5 4 
0.56 
^1obs '^ 11.^90x10"^(min."'') K^^^^ « 8.211x10"^(min."^ ) 
^2obs " 11.^90x10"^(min."^) K2Q^g « 8.211x10~^(min.~^) 
Table - hd 143 
Variation of Ninhydrln Concentration 
Cone. o£ A s p a r t i c Acid (a ) = 1.?x10~ mol d;;i~ 
Ion ic Strength ( p ) 
Temperature 
pH 




^Ninhydr in_7= 0.010 mol dm"*-^  ^Ninhydr in_7= 0.020 mol dm -;> 
Time Cone, of Riahemann's 
p u r p l e 
(Min.) 4 10 X 
mol dm -3 
Time Cone, ox R.uhemann* s 
p u r p l e 
(Min. ) 4 10 X 

































^ lobs = 2.317x10"^ (min. "^ ) 
^2obs " 2 .317x10"2(min." ' ' ) 
^ lobs " ^ .001x10 '^ (min . "^) 
^2obs " ^ .001x10"^(min ." ' ' ) 
Table - 49 144 
V a r i a t i o n of Nlnhydrln Concen t ra t ion 
Cone, of A s p a r t i c Acid ( a ) -4 -3 1.5 X 10 mol din 
Cone, o£ Ninhydrin 
Tenrperature 
PH 
















of Riihemann' s 
p u r p l e 
















0 ,025 mol dm"" 
353K 
5.0 
1.0 mol dra"^ 













7= 0.035 mol dm 
of Rxihemann' s 
piorple 











S o b s " 7 .884x10"^(min," ' ' ) 
^2obs '^  7 .884x10"^(min." ' ' ) 
S o b s = 9.622x10"^ (min," ' ' ) 
^2obs = 9.62 2x10"^ (min . ' " ' ) 
Table - 50 145 
V a r i a t i o n of pH 
-4 -"-5 
Cone, of Aspa r t i c Acid » 0.80x10 mol dm 
Cone, of NinJiydrin 
I o n i c S t r e n g t h ( jU ) 
Temperature 
= 0.025 mol dm 
-5 

















, o f Riohemann's 
p u r p l e 
1 o \ _3 
mol dm 
0 .01 
0 . 0 7 
0 .11 
0 . 1 7 
0 .21 
0 . 2 6 
0 .28 
0 . 2 9 
0 .31 
Time 












6 . 0 
, of Ruhemann's 
p u r p l e 
4 10 X _3 
mol dm 
0 . 0 8 
0 . 1 6 
0 . 2 5 
0 .32 
0 . 3 8 
0 .43 
0 . 4 5 
0 . 4 6 
0 . 4 7 
K, ^ - : > -1 -3, -1 lobs " 7.610x10 ^(min. ' ) K^^^^ - 14.748x10 -" (min ." ' ) 
^2obs " 7 .610x10"^(min." ' ' ) K2Q^3 = 14.748x10""^(min."^ ) 
Table - 51 146 
V a r i a t i o n of I o n i c S t r eng th ( |-i ) 
-4 -3 
1.5x10 mol dm ^ Cone, of A s p a r t i c Acid (a ) = 
Cone, of Ninhydrin = 0.025 mo1 dm 
Temperature = 353K 




















p u r p l e 





























, of Ruhemann's 












^ lobs = ^ . 896x10 ' ^ (min . " ' ' ) K^^^^ = 5.145x10"^ (min. " ' ' ) 
^2obs ' ^ .896x10"^(min ."^) K^^^^ = 5 . l45x10"^(min ."^) 
Table - 52 147 
V a r i a t i o n of I o n i c S t r eng th ( jU ) 
Cone, of A s p a r t i c Acid ( a ) = 1,5x10 mol dn; 
Cone, of Ninhydrin 
Temperature 
pH 






























































K .-3, -1 1obs = 5.195x10 ^(min. ' ) K^^^^ = 5.270x10""^(min. ' ' ) 
K, .-2 -1 
-1 
-1 2obs ° 5.195x10 ' ' ( m i n . " ' ) K^^^^ = 5.270x10~"-(inin." ') 
Table - 53 
148 
Variation of Dimethyl Sulfoxide (DMSO) 
Cone. o£ Aspartic Acid 
Cone, of Ninhydrin 




= 0.50x10 mo; 
= 0.025 mol dm' 
-3 














10% v / v 
























20^0 v / v 
, of Ruhemann's 











^lobs " 8. ^ 20x10"^ (min.'^) K^^^^ = 15.694x10"^(min."'^) 








T a b l e -
n of Dimethy l 
A s p a r t i e Acid 
N i n h y d r i n 















i c . 
30^ v / v 
of Ruhemann'£ 
p u r p l e 
4 
mol dm 
0 . 0 7 
0 . 1 5 
0 . 2 3 
0 . 2 6 
0 . 3 0 
0 . 3 5 
0 . 3 7 
0 . 3 8 
54 
Su] . f o x i d e (DMSO 
















-4 - 3 0 . 5 0 x 1 0 mol dm 
0 . 0 2 5 
1.0 mo 
353K 







40^0 v / v 
. of Ruhemann 's 
p u r p l e 
4 10 X _3 
mol dm 
0 .04 
0 . 1 3 
0 . 2 4 
0 . 3 2 
0 . 3 8 
0 .42 
0 . 4 3 
0 .44 
^ lobs ' 21.840x10"^ (min." ' ' ) K^^^^ = 26.151x10"^ (min ." ' ' ) 
^2obs " 21.840x10"^ (min ." ' ' ) ^^Q^Q " 26.151x10"^ (min.'"^) 
Table - 55 150 
V a r i a t i o n of He thy l C e l l o s o l v e 
Cone, of A s p a r t i c Acid (a ) 
Cone. o-C Ninhydrin 
I o n i c S t r e n g t h ( /U ) 
Temperature 
PH 
1.0x10 mol dm"-^  
= 0,025 mol dm 

















. of Ruhemann's 
p u r p l e 





















v / v 
;. of Ruhemann* s 










^1obs = 8.109x10"^ (min.""'') K^^^^ = 10.596x10""^ (min. ""^) 
^2obs ° S. IOgxIo '^Cmin."^) K^^^^ = 10 .596x10 '^ (min ," ' ' ) 
Table - 56 151 
V a r i a t i o n of Methyl Ce l lo so lve 
Cone, of A s p a r t i c Acid 
Cone, of Ninhydrin 
I o n i c S t r eng th ( |Li) 
Temperature 
PH 
- 4 -5 
1.0x10 mol dm 
0.025 mol dm 
-3 















osolve = 20% v / v 
of Ruhemarji' s 




















Cone, of Ruheraann's 










^ lobs " 15 . l73x10"^(min ." ' ' ) K^^^^ = 19.033x10'^(min." '^) 
^2obs ' 15.173x10"^ (min ." ' ' ) Yi^^^^ = 19.033x10"^(min," '^) 
152 
Co] 
l O ] 
V a r i a t i o n 
Table -
of Ser ine 
ric, of Ninhydrin = 
ciic S t reng th ( jU) = 
Temperature 
pH 












0.80x10"^ I nol 

















Concen t ra t ion 
0.025 mol dm"-
-3 
1.0 mol dm 
353K 
5.0 













- 4 -3 
.0x10 mol dm 
of Riihemann' s 












-3 _ i S o b s = 5.042x10 ^ (min ." ' ) 
^2obs ' 5.042x10"^(min. "^) 
S o b s " 5.274x10"^(min.""") 
^2obs " 5.274x10"^(min."'') 
Table - 58 153 
V a r i a t i o n of Ser ine Concen t ra t ion 
Cone, of Ninhydrin « 0.025 mol dm 
I o n i c S t r eng th ( jU ) = 1,0 mol dm 
Temperature = 353K 
pH = 5.0 
-3 














.5x10 mol -3 dm -^  
of Ruhemann's 


























.0x10 mol dm 
of Ruhemann's 
p u r p l e 











^ lobs ' 6 .228x10"^(min. ' '^) K^^^^ - 7 .891x10"^(min . ' ' ' ) 
^2obs ° 7.891x10"^(min.~^) ^ o b s ° 6 .228x10"^(min." ' ' ) 
Table - 59 
Variation of Serine Concentration 
154 
Cone, of Ninhydrin = 0.025 mol dm 
Ionic Strength ( jU) = 1,0 mol dm 
Temperature = 353K 
pH - 5.0 














.5x10 mol dm'^ 
of Ruhemann's 







































^1obs " 6.670x10"^(min,"^) K^^^^ = 5.576x10"^(min,"^) 
^2obs ° 6.670x10'^ (min."' ') K2 ,^^ g = 5,576x10"^(min.' ' ') 
Table - 60 155 
-4 -3 
1,5x10 mol dm 
V a r i a t i o n of Temperature 
Cone, of Se r ine ( a ) * 
Cone, o£ Ninhydrin » 
I o n i c S t reng th ( jU ) =« 1.0 mol dm 
pH » 5 .0 

















e r a t u r e = 348K 
no. of Riihemann' s 























Cone. of Ruhcraann's 










.-3 -1 -3, 
- 1 S o b s " ^.256x10 -"(min. ' ) K^^^g - 2.645x10 ^ ( m i n . " ' ) 
^-2 -1 -2 -1 ^ o b s " ^-256x10 '"(min. ' ) K^^^^ = 2.645x10 '='(inin. ' ) 
Table - 61 156 
Variat ion of Temperature 
Cone, ox Serine (a) = 1.5x10 mol dm 
Cone, of Ninhydrin = 0,025 mol dm -J> 
I o n i c Strength { ji) 
pH 














Temperature =« 363K 

























Cone. of Ruhemann's 
p u r p l e 











^1obs ° 11.227x10"^(min."'') K^^^^ = 8,710x10"^(min."'') 
^2obs " 11.227x1.0"^ (min,"'') K^^-^^ = 8,710x1 o"^ (min. ""^ ) 
157 Table • - 62 
V a r i a t i o n o£ Ninhydrin Concen t ra t ion 
Cone, o£ Se r ine 
I o n i c S t r eng th ( 
Temperature 
pH 

























( a ) = 1, 
fi) - 1. 
-4 
.5x10 
,0 mol < 
- 353K 
• 5, .0 















= 0,010 mol dm 
of Ruiiemann's 











K -^3 -1 lobs 4.153x10 ^(min . ' ) 
^2obs ' ^ .153x10"^(min." ' ' ) 
^ l o b s ° 2 .503x10"^(min," ' ' ) 
^2obs ' 2 .503x10"^(min." ' ' ) 
Table - 63 158 
Variation of Nlnhydrin Concentration 
1.5x10"^ mol dm"^ Cone, of Ser ine ( a ) » 
I o n i c S t reng th ( )U ) = 1,0 mol dm 
Temperature = 353K 















« 0.035 mol dm 
of Ruhanann' s 













^ " N i n h y d r i n y » 0.03 0 liiU. dm -3 
Time 
(Min.) 
Cone, of Ruhemann's 
p u r p l e 
4 1 0 X 



















^1obs ' 8 .975x10"^(min. ' ' ' ' ) 
^2obs " 8 .975x10"^(min." ' ' ) 
^ l o b s " 7.884x10"^(ffiin,"'^) 
^ o b s " 7.884x10"^(min. '"^) 
Table - 64 159 
V a r i a t i o n o£ pH 
-4 -5 
Cone, of Ser ine = 0,80x10 mol dm 
Cone, of Ninhydrin «= 0,025 mol dm 
I o n i c S t r eng th ( ) u ) = 1,0 mol dm 










































of Pvuhemann' s 












S o b s ' 8 .247x10 '^(min .~ ' ' ) K^^^^ » 13,967x1 o"^(min,"^ ) 
^2obs " 8 .247x10"^(min." ' ' ) K^^^^ = 13 .967x10"^(rn in ." ' ) 
Table - 65 
Variation of Ionic Strength ( f-i ) 
160 
1.5x10"^ mol «lm~^  Cone, of Serjoie (a) = 
Cone, of Ninhydrin = 0,025 niol dm 
Temperature = 353K 
















0 ,5 mol dm 
, of Ruhemann's 
purple 









































^lobs ' 5.490x10"^(min.''') 
^2obs " 5.490x10"^(min."^) 
^lobs = 5,671x10"^ (min,"'') 
^2obs " 5.671x10"^(min."'') 
Table - 66 
Variation o£ Ionic Strength ( \i ) 
Cone, of Serine (a) = 1,5 x 10 mol dm 















f^  = 
Cone. 
) 
2 , 0 mol dm''^ 
, of Ruhemann's 
p u r p l e 










































^lobs ' 5.113x10"^(min."'') K^^^^ = 6.282x10''^(min."'') 
^2obs ° 5.113x10"2(miji."'') K2Q g^ « 6.282x10'^( mia. ) 
Table - 67 
162 
Var i a t i on of Dimethyl Su l fox ide (DMSO) 
Cone, 
Cone. 
I o n i c 
of 
of 
S e r i n e ( a ) = 
Ninhydrin = 














" 10?^ v / v 
of Ruhemann's 
p u r p l e 
4 10 X , 
mol dm 
0 . 0 2 
0 . 0 4 
0 . 1 3 
0 . 2 0 
0 .22 
0.25 
0 , 2 6 
0.50x10" 
0 . 0 2 5 mc 
1 .0 mol 
353K 



















2(f/o v / v 
, of Ruhemann'5 
p u r p l e 
4 10 x _ , 
mol dm 
0 . 0 3 
0 . 1 0 
0 . 1 7 
0 .23 
0 . 2 9 
0 .31 
0 , 3 3 
0 . 3 4 
0 . 3 5 
^ l o b s " 9 .771x10"^(min." ' ' ) K^^^^^ = 17,270x10"^(min." ' ' ) 
^2obs " 9 .771x10"^(min,"^) K^^^^ = 17 .270x10 ' ^ (min . ' ' ' ) 
Table - 68 163 
V a r i a t i o n of Dimethyl SulToxlde (DMSO) 













I on i c 
o£ N inhydr in 





= 30^ v /v 
or Ruhemann's 
p u r p l e 











=. 0 .025 mc 



















i c . 
40^ 'o v /v 
, or Ruhemann's 
p u r p l e 











^lobs ' 24.658x10'^ (min."'') K^^^^ = 32.654x10"^ (min."'') 
^2obs ' 24.658x10'^ (min."'') K^^^^ = 32.654x10"^ (min."'') 
Table - 69 1 0 
V a r i a t i o n of Methyl C e l l o s o l v e 
-4 Cone, of Se r ine » 1,0 x 10 -3 mol dm 
«3 
Cone, of Ninhydrln = 0,025 mol dm 
I o n i c S t r e n g t h ( | u ) » 1,0 mol dm' 
Temperatvire » 353K 
pH = 5.0 
-3 
Methyl C e l l o s o l v e » 5% v / v Methyl C e l l o s o l v e = 1C% v / v 
Time Cone, of Ruhemann»s Time 
p u r p l e 
(Mln . ) ^o\ , (Min.) 
mol dm 
10 0 .02 10 
20 0.09 20 
30 0.18 30 
40 0.22 40 
50 0 ,24 50 
60 0 ,26 60 
70 0.28 70 










^lobs ' 7,886x10* (min."' ') K^^^^ - 10.215x10~^(min."'') 
^2obs " 7.886x10'^(min. ' ' ' ) K^^^^ = 10.215x10""^(mln."^ ) 
Table - 70 165 
V a r i a t i o n of Methyl Ce l lo so lve 
Cone, 
Cone. 
I o n i c 
o£ Se r ine 
of Ninhydrin 


















, of Ruhemann's 
p u r p l e 









1,0 X 10"^ 
-3 
mol dm 
0.025 mol dm' 















Llosolve = 30^ 0 v / v 
^. of Ruhemann • s 
p u r p l e 









^1obs ' 15.2 38x10"^ (min." ' ' ) K^^^js ° 18.862x10~^(min." ' ' ) 
^2obs " 15.238x10"^(min." ' ' ) K2Q^g = 18.862x10"^(min.""^) 
Table - 71 
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V a r i a t i o n of His t id in e Concent ra t ion 
Cone, of Ninhydrin 
I o n i c S t r e n g t h ( fa ) 
Temperature 
pH 
= 0.025 mol dm" 
— 3 
= 1.0 mol dm 
= 353K 
= 5.0 
/ • H i s t i d l n e _ 7 = 
Time 
(Min.) 
- 4 -3 
0 .8 X 10 mol dm ^ 
Cone, of Ruhemann's 
p u i ^ l e 
lO^x 
mol dm -3 
/ " H i s t i d i n e / = 
Time 
(Min.) 
1.0 X 10" mol dm"^ 
Cone, of Ruhemann's 
p u r p l e 
10 X 





























^ l o b s " 13.396x10"^ (min ." ' ' ) K^^^^ = 13.263x10"^ (min ." ' ' ) 
^2obs " 13.3 96x10"^ (min ." ' ' ) K2Q^g = 13.263x10"^ (min ." ' ' ) 
Table - 72 
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V a r i a t i o n o£ H i s t i d i n e Concent ra t ion 
Cone, o£ Ninhydr ine 
I o n i c S t r e n g t h ( p. ) 
Temperature 
DH 
= 0.025 mol dm 






^ " H i s t i d i n e _ 7 = 
1.5 X 10"^ mol dm"-^  
Cone, of Ruhemann's 
p u r p l e 
10^x 
mol dm -3 
^'Hist idineJ = 
-4 -3 
2 ,0 X 10 ffiol dm 
Time 
(Man.) 
Cone, of Ruhemann's 
p u r p l e 
4 
10 X 





























K l o b s = 12.434x10"^ (min," ' ' ) K^^^^ = 12.949x1 o"^ (min." ' ' ) 
^ -2 , - 1 - 2 . - 1 
^2obs ' 12.434x10 ' " (min . " ' ) K^^^^ = 12.949x10"^ (min ." ' ) 
Table - 73 168 










Cone, , of Ninhydr: 
I o n i c S t r e n g t h ( 
Temperature 
pH 
/ 7 H i s t i d i n e _ 7 = 
2 . 5 X 
Cone. 
- 4 10 mol dm 
of Riihemann 













» 0.025 mc 
« 1.0 mol 
= 353K 
= 5.0 
/ " H i s t id 










i l dm"^ 
dm 
.inej = 
•k - 3 
mol dm 
of Ruheir;ann • s 
p u r p l e 









^ l o b s = 12.363x10"^(min." ' ' ) K^^^^ = 12.240x10"^ ( m i n . ' ' ' ) 
,-2 -1 -1 












I o n i c 
PH 
Table • 
Va r i a t i on of 
of H i s t i d i n e (i 
of Ninhydrin 
S t r e n g t h ( jU ) 
Temperature = 343K 
Cone, of Ruhemann'i 
p u r p l e 
) 















= 0.025 mol dm"^ 
= 1,0 mol < 
= 5.0 
im"^ 
Temperature = 348K 









, of Ruhemann' s 
p u r p l e 









^lobs ' 8.909x10"^(min."'') K^^^^ « 11.391x10"^(min.' ' ') 
^2obs = a.909x10' '2(min. ' ' ' ) K^^ ^^ g = 11.391x10"^(mjji.' ' ') 
varia'cion ox xemperaTure 
Cone, of H i s t i d i n e (a) 
Cone, of Ninhydrin 
I o n i c S t r e n g t h ( /a ) 
PH 
-4 -3 
» 1,5x10 mol dm 
= 0.025 mol dm 












Temperature = 358K 
Cone. 
) 
of Ruhemann' s 



















Cone, of Ruhemariii • s 










^1obs " 15.074x10"^ (min. ' '^) K^o^g = 17.131x10"^(min." ' ' ) 
^2obs ' 15 .074x10 '^ (min ." ' ' ) K2Q^g = 17.131x10*^ (min ." ' ' ) 
1 7 1 
Table - 76 
Variat ion of Ninhydrin Concentration 
Cone, of His t id ine (a) 
Ionic Strength ( jU ) 
Temperature 
pH 
= 1.5x10"^ mol dm"^ 















_/= 0.010 mol 
, of Ruhemann' 
purple 
4 


































^lobs " ^ .723x10"^(min."'') 
^2obs = ^ . 723x10"^ (min."'') 
^1obs ° 10.124x10'^(min,''') 
^2ob3 " 10.124x10"^(min."'') 
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Table - 77 
V a r i a t i o n of NinhydrIn Concent ra t ion 
Cone, , of H i s t i d l n e 














= 0.030 mol dm' 
of Ruhemann's 













= 1.5x10 mo. 
• 1,0 mol dm ' 
= 353K 
= 5 .0 












= 0.035 mol dm"' 
of Ruhemann•s 
p u r p l e 









S o b s " 1 ^ .618x10""^(min."•^) K^^^^ = 18.023x10"^(raii i ." ' ' ) 
^2obs " 1^.618x10"^(min." ' ' ) K^^^^ = 18.023x10"^(inin." ' ' ) 
Table - 78 
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V a r i a t i o n of pH 
.-4 Cone, or H i s t i d i n e (a ) = 0.8x10 mol dm 
-3 
= 0.025 mol dm 
-3 
Cone, of Ninhydrin 
I o n i c S t r e n g t h { ji ) = 1.0 mol dm 










pH = 5 . 5 
Cone, of Ruhemann's 
p u r p l e 
4 
10 X _3 
mol dm 
0 .13 
0 . 2 5 
0 . 3 4 
0 . 4 0 
0 . 4 3 
0 . 4 5 












6 . 0 
. of Ruhemann's 
p u r p l e 
10 X _3 
mol dm 
0 . 2 3 
0 . 3 4 
0 . 4 6 
0 .52 
0 . 5 6 
0 . 5 8 
0 . 5 9 
S o b s ° 23 .810x10"^(min . ' ' ' ) 
^2obs " 23.810x10"^(min." ' ' ) 
S o b s = 30.461x10"^ (min." ' ' ) 
^2obs " 30.461x10"^(min." ' ' ) 
Table - 79 
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Variation of Ionic Strength 
Cone, of Hist i i i ine (a) = 1.5x10" mol din~^ 
Cone, o£ Ninhydrin 
Temperature 
pH 
= 0.025 mol dm 
- 353K 











/U = 0 
Cone, 
-3 
, 5 mol dm 
of Ruhemann' s 
purple 






















, of Ruhemann' s 
purp l e 









S o b s " 12.143x10"^(min."'') K^^ ^^  = 12.343x10"^ (min. ) 
^2obs ' 12.l43x10"2(mjji."'') Kg^ j^g = 12.343x1o"^(mln."'') 
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Table - 80 
Variation of Ionic Strength 
Cone, of Hls t id lne (a) = 1.5x10 mol dm"^ 
Cone, of Ninhydrin = 0.025 mol dm 
Temperature » 353K 











h = 2 . 
Cone, 
-3 0 mol dm 
of Ruhemann's 




















= 2 . 5 mol dm 
Cone. of Ruhemann* s 









^1obs " 12.434x10"^(min."'') K^^^^ « 12.560x10'"^(mln."'') 














V a r i a t i o n or Dimethyl 
Cone. 
Cone, 
I o n i c 
of H i s t i d i n e (a; 
of Ninhydrin 
S t r e n g t h ( ja) 
Temperature 
pH 
DMSO : = 109^  v / v 
Cone, of Ruhemann's 
p u r p l e 
) 
-













) = 0.5x1C 
= 0.025 
(DMSO) 
- 4 -3 ) mol dm 
mol dm 
-3 















1 = 20}i> v / v 
Cone, of Ruhemann's 
p u r p l e 
10 X _3 
mol dm 
0 . 0 9 
0 . 1 6 
0 . 2 3 
0 . 2 8 
0 . 3 2 
0 . 3 6 
0 . 3 8 






17.014x10"^ (min." ' ' ) K 
17.014x10"^ (min." ' ' ) K 
lobs 
2obs 
23.450x10"^ (min." ' ' ) 













V a r i a t i o n of Dimethyl 
Cone. 
Cone. 
I o n i c 
of H i s t i d i n e ( a ) 
of Ninhydrin 
Strength ( JU) 
Temperature 
PH 
D M S O •• => 30?^ v /v 
Cone, of Ruhemann's 
) 












Su l fox ide (DMSO) 
- 0.5x10"^ 
= 0.025 mol 



















40% v /v 
. of Ruhemann's 
p u r p l e 










lobs = 29.2 51x10-^ (min.-;]) K^^^^ - 35.400x10^^ (min. "^ ) 
o^Ko = 29.251x10" (min ."^) K^^^„ » 35 .400x1o"^(min . ' ) 2obs 2obs 
Table - 83 178 
Variation of Methyl Ce l loso lve 
- 4 -3 
Cone, of Hiat idine (a) = 1.0x10 mol dm 
Cone, of Ninhydrln 

























Ce l loso lve » 
Cone, 

























Ce l lo so lve = 3C^ v/i 
Cone. , of Ruhemann's 
p u r p l e 










^lobs ' 20.540x10"^ (min."'^) K^^ ^^  « 23.687x10*^ (min ."^ 
^2obs = 20.540x10"^ (min.''") y^2ohs = 23.687x10*^ (min. "^  ) 
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Table - 84 
V a r i a t i o n of Methyl Ce l lo so lve 
Cone, of H l s t l d l n e (a) = 1,0x10 mol dm 
-5 
Cone. o£ Ninhydrln = 0.025 mol dm 













































C e l l o s o l v e = 10;o v /v 
Cone. of Ruhemann's 
p u r p l e 










^ lobs " 15.241x10'^ (min ." ' ' ) K^^^^ = 17 ,92lx10"^(min ," ' ' ) 
K, 2obs " 15.241x10"^ (min ," ' ' ) K^^^^ = 17.921x10"^ (min." ' ' ) 
Measurements r e l a t ed with the formation of 
ammonia. 
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Table - 1 
Variation o-T Glycine Concentration 
Cone , of N i n h y d r i n = 
I o n i c S t r e n g t h ( h ) = 
T e m p e r a t u r e = 
pH 
0 .025 niol clm"^ 
1.0 mo 1 dm"-^ 
353K 
5 . 0 
/_'Glycine J = 1.5x10 mol dm~^ /••Glycine_7= 2.0^10"^ mol dm"^ 
'^•i— ^ — - -p wu Time Cone, of NH^ 











^obs = 6.470x10 ^(min. ^) K^^^ = 7.430x10'^''(riiin. "^) 














0 . 0 4 
0 . 0 7 








Table - 2 
Variation o£ Glycine Concentration 
-3 
Cone, of Ninhdrin = 0,25 mol dm 
Ionic Strength ( h) = 1,0 mol dm 
T e m p e r a t u r e 
pH 
/ " G l y c i n e 
Time 








2 7 0 
300 
7= 3 . 0x10' 
= 353K 
= 5 . 0 
-4 - 3 
mol dm 







0 . 3 0 




0 , 5 4 












.7= 4 . 0 x 1 0 ' mol dm 
Cone, of NH, 5 
^4 10 X 
rnol dm 
0 . 1 6 







0 , 7 9 
^obs =6,890x10"^ (min."'') K^^^ = 7.370x10"^(min."'') 
182 
Table - 3 
Variation of Glycine Concentration 
-3 Cone, of Ninhydrin = 0,025 mol dm 
I o n i c S t reng th ( jU) = 1,0 mol dm 
Tenpera tu re = 353 K 
pH = 5 . 0 





































C o n e . G-i i-.'H. 









K^v„ = 7.018 X 10"^(min." ' ' ) K , ^ = 7.128 x 10"^(min." ' ' ) 
^obs - ' • - ' - - ' - V — - ^ ^obs 
Table - k 
Variation of Temperature 
183 
-4 -3 
Cone, of Glycine (a) =: 1,5x10 mol dm 
= 0.025 mol din 
-3 
Cone, of Ninhydrin 
l o n i e s t r e n g t h { \x) = 1.0 mol dm 














e = 348K 


























e = 343K 












^obs " ^.057x10"^(min."' ') ^obs = 2.632x10"^(min."^) 
Table - 5 
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V a r i a t i o n of Temperature 
-4 -3 
Cone, of Glycine (a) = 1,5x10 mol dm 
= 0.025 mol dm 
-3 
Cone, of Ninhydrin 
I o n i c S t rength ( |a) = 1.0 mol dm 
pH = 5 .0 
Temp 
Time 










e r a t u r i e = 363K 






0 , 1 7 
0 ,22 
0 . 2 6 
















s r a t u r i 2 = 358K 
Cone, o i NH-
lO^x 
mo 1 dm 
0 . 0 6 
n,^r. 
0 . 1 0 
0 .17 





^obs " ''0»857 X 10"^(min."^) ^obs " 8 '554 X 10 ^ '(min." ' ' ) 
185 
Table - 6 
V a r i a t i o n of Ninhydrin Concen t ra t ion 
Cone. o£ Glycine (a ) = 1.5x10 mol dm 
I o n i c S t r eng th ( jLi) = 1 . 0 mol dm 
Temperature = 353K 
pH = 5 .0 












J- 0, ,015 mol dm"^ 



























.020 mol dm 
Cone, o i NH^ 




0 . •)-) 
i). 11 
0 .13 
0 .1 :> 
0 .17 
0 . 1 9 
^obs " 3.728x10~^(min."^) K^^^ = 4.825x10"^(min. ^) 
Table - 7 
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Variation of Nlnhydrln Concentration 
Cone, of Glycine (a) = 1.5x10 mol dm 
Ionic Strength ( jU) =1.0 mol dm 
Temperature = 353 K 
pH = 5.0 
/"Ninhydrin /= 0.03 mol dm 
Time Cone, of NH 








Cone, oi" MH^ 
1 O^ x 



































^obs " '^ •^ '^ ^ ^  10"^(min. '') ^ bs " 9.102x10"^ (min. ~^) 
T a b l e - 8 187 
V a r i a t i o n of pH 
.-4 Cone, of G l y c i n e ( a ) = 1,5x10 mol dm 
Cone , o i N i n h y d r i n = 0 ,025 mol dm '^ 
I o n i c S t r e n g t h ( U) = 1 , 0 mol dm ^ 












pH = 3.0 























pH = 4,0 













^obs = ^. 974x10 ^ (min."'') K^^^ = 3.728x10"^(min. "^  ) 
T a b l e - 9 
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-U 
V a r i a t i o n o i pH 
Cone, ol ' G l y c i n e ( a ) = 1.5x10 mo I an 
Cone , of N i n h y d r i n = 0 .025 mol dm 
i o n i c .3Lron|.>Lli ( h) = 1,0 mo L dm 




























pH = 6 .0 
Time Cone, oi' Mr; 
(Min, ) 10'';; 

















^ o b s " 6 . 4 7 0 x 1 0 ~ ^ ( m i n . ~ ' ' ) ^obs "^  1 .645x10"^(mi - .~ ' ^ ) 
r 
T a b l e - 10 
V a r i a t i o n o^' I o n i c . ] t ren[^th ( b ) 
o n e . of O l y c i n e ( a ) = 1,5 x 10 n o l (i 
189 
Cone. o£ Hin?iydrin = 0 .025 mol dm ; 
Time 




















t a r e 
mol dm"^ 
Dnc. of NFL 
4 
10 X 
mo 1 dm 
0 .04 





0 . 1 9 
0,22 
0 . 2 4 
=• 355K 
= 5 . 0 
M = 
Time 












mo 1 (.ii;: 
)nc . of .i 
;ao 1 'I'.:' 
o.u/-
O . f ) ' : 
0 .10 
O . l f 
0 .15 
0 .18 
0 . 2 0 
0,2.j 
0 .25 
K , ^ = 6 . 3 6 0 x 1 0 " ^ ( m i n . " ' ' ) K , ^ = 6 . 1 4 l x 1 0 " ^ ( m i n . " ^ ) 
T a b l e - 11 
190 
V a r i a t i o n of I o n i c S t r e n g t h ( jg) 
Cone , of G l y c i n e ( a ) = 1.5x10 mol dri 
Cone , of Ninhydr i l l 
T e m p e r a t u r e 
pH 
= 0 .025 mol din 
= 353K 
= 5 . 0 
LI = 2,0 mo 1 dm -3 
Time 
(Min. ) 
Cone, of NH, 
10^x 
mol dm -3 
ja = 2 . 5 mol dm "^  
Time Cone , of KK, 







































o b s = 6 .031x10"^ (min . ^ ) K , = 6. 909x10"^( :n in .~^ ) 
T a b i c - 12 
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V a r i a t i o n of A l a n i n e C o n c e n t r a t i o n 
Cone , of N i n h y d r i n = 0 ,025 mol dm 
I o n i c S t r e n g t h { fa) = 1.0 mol dm 
T e m p e r a t u r e = 353K 
pH = 3.0 








( M i n . ) 
Cone, of NH-





































^ o b s = 6 .580x10"^ (min . " ^ ) Kohc: = 7 . 3 4 7 x 1 0 " ^ ( r a i n . " ' ' ) 
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Table - 1.5 
V a r i a t i o n of AlaninG Concen t ra t ion 
Cone, of Ninhyclrin = 0.025 mol dm 















7 - 3, 
= 
-k -5 
.0x10 mol dm 














































^obs " 6.367x10~^(min."^) K^^^ = 7.238x10"^(-:iri . ' ) 
Table - 14 
Variation of Alanine Concentration 
Cone, of Ninhydrin = 0.025 mol dm 
Ionic Strength ( JLi) = 1.0 mol dm 
Temperature = 353K 
pH = 5.0 
193 




























0 . 8 0 












7= 3 . 5 x 1 0 ' -4 , - 3 'AoJ dm 
Cone, of NHy 
1 0 \ 




^ 2 9 
•J. 45 
- . 5 0 
•>,b7 
0.65 
^obs = 6.251x10"^(min."'^) K^^^ = 6.909x10"^(min.~'') 
Table - 15 
194 
Variation of Temperature 
Cone, of Alanine (a) -4 1 .5x10 mol diTi 
-3 Cone , oi" Ninlriydrin = 0 .025 mol dm 
I o n i c S t r e n g t h ( jU) = 1,0 mol dm 
pH = 5 . 0 
T e m p e r a t u r e = 363K 
Time Cone, of NH, 
( F . i n . ) A 10 X 
















no. of :;H 





























K g^ = 10.528x1 0~^ (min."'') ^obs = 8,663x10"^(min."^) 
195 
T a b l e - 16 
V a r i a t i o n oi' Temy:>erature 
Cone. oT A l a n i n e ( a ) 
Cone, of N i n h y d r i n 
I o n i c S t r e n g t h { h.) 
pH 
1.5x10 ^ rnol a I 
0 .025 mol dr.r-^ 
—5 1,0 mo1 dm 
5 . 0 
T e m p e r a t u r e = 3^3K 
Time Cone, of MH 
(Min. ) 4 10 X 
3 
mol dm -3 
T e m p e r a t u r e = 3^ t8.K 
Time Cone, of Nli 
(F i in . ) 4 1 0 X 
3 





























0 . 0 6 
0 . '•) 
0 . 1 I 
0.17 
0.19 
^ o b s = 5 -070 X 1 0 " ^ ( m i n . " ' ' ) ^obs " ^ . ^ 9 6 x 1 0 " ^ ( i r i i n . " ^ ) 
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Table - 17 
V a r i a t i o n of Ninhydrin Concen t ra t ion 
Cone, of Alanine (a) = 1.5 x 10 mol dm 
I o n i c S t reng th ( lU) = 1.0 mol dm 
Temperature 
PH 












7= 0, .015 mol dm~^ 
Cone, of NH^ 
lO^x 
mol dm 
0 . 0 3 
0 .05 
0 . 0 7 
0 .08 







= 5 . 0 














020 n.ol d:;;""' 
ru;. of \'.'i., 
4 10 X 
n.ol G::: 







0 . 1 6 
0 .18 
^obs " 3.399x10~^(min."^) K^^^ = 4.496x10 ^ (min . "^ ) 
T a b l e - 18 
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V a r i a t i o n of N i n h y d r i n C o n c e n t r a L i o n 
Cone , of A l a n i n e ( a ) = 1.5x10 mol dm 
I o n i c S t r e n g t h ( jL) = 1.0 mol dm 
T e m p e r a t u r e = 353K 
pH = 5 . 0 
-3 
^ N i n h y d r i n _ 7 = 0 .03 mol dm 
Time 
(Min. ) 
Cone , of NH-
10^x 
mol dm -3 
•" / " N i n h y d r i n _ / = 0 . 0 3 6 mol dm 
Time Cone, of NH, 
(Min. ) lO^x 













0 . 1 6 
0 . 1 8 
0 .21 
0 . 2 4 



















^ o b s " 6 .909x10"^ (min. ^ ) K -4 -1 d b s = 8 .663x10 (min . ) 
Table - 19 198 
V a r i a t i o n o l pH 
Cone, of Alanine (a) 
Cone, of I\linhydrin 
I o n i c S t reng th { h) 
Temperature 
-4 1.5x10 ffiol dri. 
0.025 mol dm"-^  
- J ) 






Cone, of NH 
10 X 
mo 1 dm -3 
pH = 4 . '} 
Time Cone, of l'.}-^ 
































• ) . i ' . 




^obs = 1.974x10"^(min.~' ') K, = 4.057x10"^(min.~^) 
Tab le - 20 
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V a r i a t i o n of pH 
Cone, of A l a n i n e ( a ) 
Cone , of N i n h y d r i n 
I o n i c S t r e n g t h ( b ) 
T e m p e r a t u r e 
-4 -3 
1.5x10 mol dm 
0 .025 mol dm' 
-3 

















Cone, of NH^ 
10 X 









































^ o b s " 6 .580x10 ^ ( m i n . ' ) K^>,. = 2 . 3 0 3 x 1 0 " ^ (min . ' ) 
Tat)lo - 21 
2oa 
Variation of Ionic Strength ( fa) 
/ X - 4 - 3 
Cone , o i A l a n i n e ( a ) = 1 ,5x10 mol dm 
Cone, of N i n h y d r i n = 0 .025 mol dm 
T e m p e r a t u r e = 353K 





0 .5 mo 1 dm 
Cone, of NH 
10 4x 
3 
mol dm -3 
^ = 1.5 mo1 dm -3 
Time 
(Min. ) 






































^obs = 6,470x10"^(min."^) K V. = 6.470x10"^(r;.in.~^) 
O • •i) 
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Table -22 
V a r i a t i o n oi I o n i c S t reng th ( |b) 
—A - 5 
Cone , of A l a n i n e ( a ) = 1.5x10 mol dm 
-3 
Cone, oi N i n h y d r m = 0 .025 mol dm 
T e m p e r a t u r e = 353K 













2.0 mo 1 dm 
Cone, of NH 











yb = 2 . 5 mol dT, 
Time 
(Min. ) 





















^obs = 6.799x10-^ K , = 6.360x10~^(miri.~^) o bs ' 
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Table 
V a r i a t i o n of Phenyl 
Cone, 
I o n i c 
of Ninhydrin 

















10"^ mol dm"^ 
Cone of NH, 



















,02 5 mol < 


















Alanine / = 
10-^ _3 mol dm 












^obs = ^-^^^ ^ 10"^(min."' ') ^obs = '^•^^'7 ^ 10"^(min."' ') 
Table - 2A 
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Variation of Phenyl Alanine Concentration 
- 3 0 .025 mol dm 
-3 
Cone, of N i n h y d r i n = 
I o n i c S t r e n g t h ( jU) = 1,0 mol dm 
T e m p e r a t u r e = 353K 
pH = 5 . 0 
/ " P h e n y l A l a n i n e / = 
3 . 0 X 10 mol dm"^ 
^ " P h e n y l A lan ine_7= 
4 . 0 X 10 rr/ol dn. 
Time 
( K i n . ) 





i i m e 
(F.in. ) 





























. I /• 
• . ' 1 ^ -




^ o b s = ^ - ^ ^ ^ ^ 1 0 ~ ^ ( m i n . " ^ ) ^obs " 7 . 0 1 8 X 10" ' ( :vdn. '~ ' ' ) 
Table - 25 
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Variation of Phenyl Alanine Concentration 
Cone, of N i n h y d r i n 
I o n i c S t r e n g t h ( jLi) 






0 .025 mol dm~^ 
- 3 
1.0 mo1 dm 
353K 
5 . 0 
/ Phenyl Alanine / = 
-k -3 
4.5 X 10 mol dm 
/ Phenyl Alanine /= 
-4 -3 5.5 X 10 mol dm 
Time 
(Min. ) 






Cone, of Nil. 
4 10 X 





































K obs 6.909 X 10 (min. "^) K obs 7.128 X 10" (mi 
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^able - 26 
V a r i a t i o n ol' r^nii) ; r a t u r o 
Cone, of P h e n y l A l a n i n e ( a ) = 1,5x10 UiOl < 
Cone, of H i n h y d r i n - 0 .025 /;:ol d;.. 
I o n i c o t r e n g t h ( lU) = 1 . 0 niol d.'i; 
pH - 5 . 0 
Ternpera tu re = 3^8K 
Time Cone, of NH 
( M i n . ) 4 10 X 
3 
mol dm -3 
T e m p e r a t u r e = y--''\--
Pime 
( l - i n . ) 
; o n c . OL • 
4 
10 X 


































K obs = 4.934 X 10 ^ (nin."'') K .^ =3.399x10 ^(;nin.~^) 
T a b l e - 27 206 
V a r i a t i o n o i T e m p e r a t u r e 
Cone . oT P h e n y l A l a n i n e ( a ) = 1.5 x 10 inol cini 
Cone . oT N i n h y d r i n 
I o n i c S t r e n g t h ( b ) 
pK 
= 0 .025 ffiol dm 
= 1.0 mol dm"'' 
= 5 . 0 
- ' i 
Teuroe ra tu re = 363K 
Time Cone, of Nl! 
( K i n . ) 4 10 X 
3 
mol dm 
Temperatiifc := 3; 
Time C'-ii;:. <• 































0 . 2 6 
0 . 3 0 
0 . 3 ^ 
0 . 3 6 
^obs " 1^-953x10 ^ ( m i n . ^ ) ^obs = 9 . 1 0 2 x 1 0 " ^ ( i : d n . " ^ ) 
T:.i)L' 
V a r i a t i o n of Minr .yc l r in C o n c e n t r a t i o t i 
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Cone, Ox Phenyl Alanine (a) 
Ionic strength ( fu) 
Temperature 
pK 
= 1 . 5 x 1 0 ' [::cl 
= 1 , 0 ::,ol ni.~"' 
= 353K 
= 5 , 0 
/ " r i i n h y d r i n / = 0 . 0 1 5 mol dm 
Time 
( I ' l in . ) 
-3 
C o n e , ot" NH-. 
3 
lO^x 
mo 1 dm -3 
/ i J i n h y d r i n / 
Time 
( l - i in . ) 
'. '•&'! mol dm 

















0 . 1 3 
0 . 1 5 
0 . 1 6 




1 5 0 
rso 




















^ o b s " ^ . I 6 7 x 1 0 ~ ^ ( m i n . ~ ^ ) ^ o b s = 5 . 2 6 4 x 1 0 - \ : : : i n , - ^ ) 
208 
T a b l e - 29 
V a r i a t i o n o^' I l i n h v d r i n Concon t r a Lion 
•* 
Cone , oi" P h e n y l A l a n i n e ( a ; = 1.5x10 1..0I a::i " 
I o n i c S t r e n g t h ( / J ) = 1 . 0 rnol cirn 
T e m p e r a t u r e = 353K 
pH = 5 . 0 
/ " N i n h y d r i n / = 0 .03 mol dm "' / ~ N i n h y d r i n _ 7 - J.O;'jr:,ol dm 
Time Cone, of NH^ Time Coa::,. (>i aa.-
(f'.in. ) 10 X ( l i i n , ) 1 '^z 
mol dm" :.... I 'U~'' 
60 0 .04 50 1.0 a 
90 0 . 0 6 90 J. 08 
120 0 . 1 0 120 . . 10 
150 0 .15 150 :j.1'3 
180 0 . 1 7 180 -.17 
210 0 . 2 0 210 1.22 
2hO 0 . 23 240 a . 2 7 
270 0 . 2 6 270 0 .30 
300 0 . 2 8 300 :).35 
K , ^ = 7 . 8 9 6 x 1 0 " ^ ( m i n . " ' ' ) K , ^ = 9 .212x10 ^ ( a i a . " ^ ) 
ObS ^ obG 
Table - 30 209 
Variation oi pH 
Cone, of Phenyl Alanine (a) = 1.5x10~ n.ol 
Cone. o£ Ninhydrin = 0.025 mol dv.i 
Ionic Strength ( Li) = 1 . 0 mol dm 
Temperature = 353K 
pH = 3.0 
Time Cone, of NH, 
(Min.) 4 10 X 













= 4, .0 
Cone. oT NH 
10'*x 




























^obs = 1.974x10"^ (min."'') K^^^ = 4.825x10"^ (min. ""^ ) 
Table - 31 
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Variation o£ pH 
Cone, Oi- Phenyl Alanine (a) = 1.5x10 mol d:;. 
Cone, Oi" Ninhydrin 
Ionic Strength ( /j) 
Temperature 
= 0 . 0 2 5 iiifii (iin 
= 1 . 0 niol dm 
= 35 3K 
pH = 5 . 0 
Time C o n e , o f NH^ 
3 
( F i i n . ) 10 X 
- 3 
m o l dm 
pH = G.i) 
Time Co n o . c^' ijii. 
(iMin, ) 10^x 





































^ o b s = 6 ,909x10 ^ ( m i n . " ' ' ) ^obs = 2 . 632x10 ^ '(r ; . in.~^) 
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Table - 32 



















2 7 0 
300 











0 . 0 7 
0 . 1 0 
0 .12 




0 . 2 6 
- 4 1 .5x10 mol dm ' 
= 0 .025 
= 353K 
= 5 . 0 















,5 mol dm 






0 . 1 0 
0.13 
0 . 1 6 
0 . 1 9 
0 .22 
0.24 
0 . 2 6 
^obs = 6.799x10"^ (min."'') K g^ = 6.470x10"^(min.'^) 
Table - 33 
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Variation o£ Ionic Strength ( b) 
Cone, oi Phenyl Alanine (a) = 1.5x10 mol dr.i 
Cone, of Ninhydrin 
Temperature 
pH 
= 0.025 mol dm 
= 353K 










































2.5 mo1 dm 
Cone, of NH^ 
3 4 10 X 
-3 










^obs " 6.031x10"^(min."'^) ^ bs " 7.238x10"^(min.~^) 
Table -
V a r i a t i o n of A s p a r t i c 
Cone, 
I o n i c 
of Ninhydrin 
Strength ( JU ) 
Tenpera ture 
pH 
^ " A s p a r t i c Acid^7 = 
1.5 X 10"^ mol dm"^ 
























Acid Concen t ra t ion 
= 0.025 mol dm"^ 




^ A s p a r t i c 
















Cone, of NH, 
4 












^obs ' 6.470x10"^ (min."' ') K^^^ » 6.852x10"^ (min, ' ' ' ) 
Table - 35 
214 
Variation of Aspartic Acid Concentration 
_5 
Cone, of Ninhydrin = 0.025 mol dm 
I o n i c S t r eng th ( /a) = 1.0 mol dm 
Temperature = 353K 
pH = 5 .0 
/ " A s p a r t i c 













• mol dm •3 




0 . 1 9 
0 .24 
0 .27 
0 . 3 8 
0 .42 
0 . 4 7 
0 . 5 4 
0 . 5 6 
•3 
/ " A s p a r t ; 



















. o r Ni;. 
-:1 dn;~ '^ 
0 . 1 6 
0 . 2 5 
0 .35 
0 .41 
0 . 5 0 
0 . 5 6 
0 .64 
0 . 7 0 
0 . 7 6 
^obs " 6.689x10 ^(min.~^) ^obs " 6.799x10"^(min."^) 
Table -
V a r i a t i o n of A s p a r t i c 
Cone. 
Ion ic 
of Ninhydrin = 
! S t r eng th ( JLi) = 
Temperature = 
PH 
/ " A s p a r t i c 





Time Cone, of NH, 
D 





















Acid Concen t ra t ion 
_3 





/ " A s p a r t i c 




Time Cone, of INIH^  





















^obs ' '^•''^^ ^ 10"^(min ." ' ' ) ^obs " ^'"^^^ X 10~^(inin.~^) 
Table - 37 216 
V a r i a t i o n of Temperature 
Cone. o£ Aspa r t l c Acid (a) = 1.5x10 mol dm 
Cone, oi" Nlnhydrln 
l o n l e S t r eng th ( jLi) 
pH 
= 0.025 mol dm 
-3 
= 1.0 mol dm 
= 5 .0 
-3 
Temperature = 348K 
Time 
(Mln.) 
Cone. Ox NH, 
i o \ 
mol dm -3 
Tenpera ture = 343K 
Time Cone, ox NH, 
(Mln. ) h 10 





































^obs " 5.264x10"^(mln." '") ^obs " 3 .728x10"^(mln."^) 
Table - 38 217 
V a r i a t i o n of Temperature 
Cone, of Aspa r t i c Acid (a) = 1.5x10 UiOl dm 
Cone, of Ninhydrin 
l o n i e S t r e n g t h ( |U) 
pH 
= 0.025 mol dm 
-3 
= 1.0 mol dm 
= 5 .0 
Temperature = 363K 
Time Cone, of NH-
(Min.) 4 10 X 
mol dm -3 
Temperature = 358K 
Time Cone, o.' NH 
(Min,) 10^x 
3 





































^ bs " 12.6l1x10~^(min." ' ' ) -4 -1 K ^g = 10.308x10 (n.in. } 
Table - 39 
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Variation ox Nlnhydrin Concentration 
Cone. o£ Aspartic Acid (a) 




1.5x10 mol drii 




^Ninhydr in_7= 0.015 mol dm 
Time Cone. o£ NH 
( ^ l i n . ) io\ 
-3 
mol dm -3 
^ N i n h y d r i n /= 0.020 mol dm 
Time Cone, oi NH 
(Kin . ) 4 10 X 
-3 
3 





































^obs = '^ .057x10'^ (min."'') ^obs " 5.483x10"^(min."'') 
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Table - 40 "^ 
V a r i a t i o n of Ninhydrln Concen t ra t ion 
-4 -0 
Cone. 01 Aspa r t i c Acid (a ) = 1,5x10 rnol dm 
I o n i c S t r e n g t h ( jU) = 1 . 0 rnol dm "^  
Temperatiore = 353K 
pH = 5 .0 












^obs " 8.005x10'^ (ffiin."'') K^^^ = 9.870x10"^ (min. "^) 
Cone, of NH, 



































Table - 41 220 
V a r i a t i o n of pH 
-4 -3 
Cone, of Aspa r t l c Acid (a) = 1.5x10 mol dm 
Cone, of Nlnhydrln 
l o n i e S t r eng th ( |b) 
Tenpera ture 
= 0.025 mol dn-














pH = 3 .0 
Cone, of NH, 3 
























= 4, . 0 
Cone, of NH;, 











^obs = 2.303x10"^ (min. "'^) ^obs " 5 .483x10"^(min."^) 
Table - k2 221 
V a r i a t i o n oT pH 
Cone, of A s p a r t i c Acid (a) 
Cone, of Ninhydrin 
l o n i e S t r e n g t h ( |u) 
Temperatiore 
1.5x10 ffiol dm 
0.025 mol dm 















Cone, of NH^ 
























= 6. .0 
Cone, of MH, 











^obs ' 6.470x10 ^ ( m i n . " ^ ) ^obs " 2.632x10"^(iuin." ' ' ' ) 
Table - 43 
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V a r i a t i o n of I o n i c S t r e n g t h ( ju) 
Cone, of Aspa r t i c Acid (a ) 
Cone, of Ninhydrin 
Temperature 
pH 
1,5x10"^ mol dn"^ 

















0.5 mol dm 
Cone, of NH-, 3 

























1.5 mol dm 














^obs " 6.799x10"^ (rain."'') K^^^ = 6.580x10~^ (ruin."'') 
Table - 44 223 
V a r i a t i o n oi I o n i c S t r e n g t h ( ^ ) 
Cone, of Aspa r t i c Acid (a) = 1,5x10~ inol di:;"^ 
Cone. Ox Ninhydrin 
Temperature 
pH 
= 0.025 mol dm 
= 353K 
= 5 .0 
-3 

























































I o n i c 
Table - -'43 
Var i a t i on of Se r ine 
of Ninhydrin = 
S t r e n g t h ( b) = 
Temperature = 
pH 












. 7 • 
= 
-A 
= 1,5x10 mol ' 
Cone, o-L NE, 














Concen t ra t ion 
.025 -3 mol dm 
- 3 

















2 .0x10" mol dm"^ 
Cone, of MH-, 












^obs " 5.922x10"^(min,"'') ^obs = 6.360x10"^ (min,"' ') 
Table - 46 225 
Variation ox" Serine Concentration 













I o n i c 
oX Ninhydrin = 






,0x10 mol dm 
Cone, of NH^ 3 4 10 X 










0.025 mol dm 
-3 
1,0 mol dm 
353K 
5 . 0 















- 4 -'• 
.0x10 mol dm " 
Cone. OL \\\U 











^obs = 6.799x10'^ (min."'') ^obs ^ 6.890x10"^(min."'') 
Table - 4? 
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Variation of Serine Concentration 
/~ Se r ine 
Time 











I o n i c 
of i^linhydrin = 
S t r eng th ( jU) = 
Temperature = 
pH 
7 = 4. 
= 
5x10 mol dm"^ 














,025 mol dm 
-3 

















-4 -3 fcIO mol dm 












^obs = 6.141x10'^ (min. "^) ^obs = 7.347x10"^(min."'') 
Table - 48 227 
V a r i a t i o n of Temperature 
Cone, o-f Ser ine (a) 
Cone, of Ninhydrin 
I o n i c S t r e n g t h ( | i) 
PH 
-A -3 
1.5x10 mol dm 
-3 
0,025 mol dm 
-3 















Cone, of N 







































^obs " ^.386x10"^(min. '* ' ' ) ^obs = 2.961x10"^ (min." ' ' ) 
Table - 49 228 
V a r i a t i o n oT Temperature 
Cone. 01 Se r ine (a) 
Cone, of Ninhydrin 
I o n i c S t r e n g t h ( ja) 
pH 
1.5x10"'^ mol dm~^ 
0,025 mol dm 
-3 









































Cone, oi NH, 












^obs " lO'^ISxIO'^Cmin."^) ^obs = 7.896x10"^ (min ." ' ' ) 
Table - 50 
Variation of Nlnhydrln Concentration 
Cone, o£ Serine (a; = 1.5x10 mol dm 
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I o n i c S t r e n g t h ( JU) = 1.0 mol dm 
Ten5)erature =• 353K 
pH = 5 .0 
-3 












.7= 0.015 -3 mol dm 
Cone, of NtU 


























Cone, oi NHv 











^obs = ^ .057x10"^(min ." ' ' ) K^^^ = 5 .154x10"^(min." ' ' ) 
Table - 51 
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V a r i a t i o n oT Nlnhydrin Concen t ra t ion 
Cone, of Se r ine (a ) « 1,5x10 mol dm 
I o n i c S t r e n g t h ( [i) = 1,0 mol dm 
Temperature = 353K 
pH = 5 .0 
-3 












7= 0.030 mol dm"^ 
Cone, or NH, 3 
























= 0.036 - 3 mol dm 
Cone, ox NH, 3 












^obs " 7 .676x10"^(mln . - ' ' ) ^obs = 9.102x10"^ (mln." ' ' ) 
Table - 52 
Variation of pH 
-4 -3 
Cone, of Serine (a) = 1,5x10 mol dm 
-3 
Cone, of Nlnhydrin = 0.025 mol dm 
I o n i c S t r eng th ( |U) = 1.0 mol dm 















Cone, of NH, 
























= 4, .0 














^obs " 2 .632x10"^(mln."^) K^^^ = 4 .496x10"^(mln." ' ' ) 
Table - 53 
Variat ion of pH 
Cone, of Serine (a) = 1,5x10 mol dm 
Cone, of Ninhydrin = 0,025 mol dm~^  
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Ionic Strength ( jU) = 1,0 mol dm 
Temperature = 353K 
-3 






































= 6. .0 
Cone, of NH, 3 
4 












^obs = 5.922x10"^ (min."'') K^^^ = 1.974x10"^ (min. "^  ) 
Table - 54 233 
V a r i a t i o n of I o n i c S t r eng th ( ju) 
, . - 4 - 3 
Cone, o-f Ser ine (a) = 1,5x10 mol dm 
Cone, of Ninhydrin = 0,025 mol dm 
Temperature = 353K 

















Cone, of NH^ 








































^obs " 6 .360x10"^(min." ' ' ) ^obs " 6.689x10""^(min. "^) 
Table - 55 234 
V a r i a t i o n of I o n i c S t r eng th ( jU) 
-4 -3 
1.5x10 mol dm "^  Cone, of Ser ine (a) « 
Cone, of Ninhydrin = 0.025 mol dm 
Teniperature = 353K 
pH = 5 .0 
-3 
jU = 2 . 0 mol dm'^ 
Time Cone. o£ NH, 
(Min.) 4 10 X 
mol dm -3 
fa = 2.5 mol drif 
Time Cone, oi NH^ 
(Min.) 4 10 X 





































^obs = 6.031x10~^(min." ' ' ) ^obs " 6 .470x10"^(min." ' ' ) 
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DISCUSSION 
Part -I Decarboxylation of amino acids by nlnhydrin 
The interaction oi amino acids with ninhydrin takes 
place in two steps with 2-amino indandione as the stable 
intermediate. In the first step the decarboxylation is 
taking place and the amount of carbondioxide evolved has 
been used for the quantitative estimation of amino acids. 
52 55 In most of the studies, gasometric methods * have been 
described for the estimation of carbondioxide. Here we have 
modified the technique and carried out the reaction in an 
atmosphere of pure nitrogen, which was bubbled through the 
solution. The stream of nitrogen carried the evolved carbon-
dioxide which was absorbed in barium hydroxide solution and 
estimated. The kinetic measurements showed that the decar-
boxylation process is of first order. The effect of concen-
tration of amino acids, concentration of ninhydrin, ionic 
strength, temperature and pH have been studied. The mechanism 
for the decarboxylation is given in Scheme I, According to 
68 the strecker degradation process the NH^-group of the amino 
acid (A) reacts with carbonyl group of ninhydrin. (B) to form 
the schiff base (C), The schiff base undergoes dehydration 
to give the intermediate D . which undergoes decarboxylation 
to give E . This intermediate undergoes rearrangement to give 
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F which on hydrolysis produces 2-aminoindandione and the 
corresponding aldehyde with one carbon atom l e s s . Both 
s t e r i c and polar effects in the decarboxylation are thought 
to psu?ticipate in the formation of schiff base. In a l l the 
processes the formation of schiff base i s a slow process 
which governs the r a t e of decarboxylation. The following 
equation represents the equ i l i b r i a of amino acids in 
95 
so lu t ion . 
where HpA represents the amino acid cation; HA, the neutral 
+ 
molecule; HA" , the zwitter ion; and A", the anion. Zwitter 
ion and cationic forms of amino acids have positive charge 
on the nitrogen atom. Due to this both are inactive towards 
nucleophilic attacks on carbonyl carbon. The neutral molecule 
and its anionic form are thus responsible for the reaction. 
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The concentration of d i f fe ren t forms may be given by the 
equations: 
C^2^ J = -= ^^-^ =^ (1) 
/JUAJ = -2^^———=• (2) 
/ - H A - / = — — (3) 
The concentration of a l l imreacted amino acid, species 
(SA) equals 
/-., 7 c<fc£j ^c^'jc^'j f2£2££J m 
/ SA 7= + -=• + +Z A 7 
- - / ' S A /K^K^-r 
and 
/"SA / K T . K ^ / " H ' ^ / 
A H A / = = ^ P ' - =1 (5) 
' • /"H ^_/2 + KjK^j + K^ /"H V ( 1 -^  ^D ^ 
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The rate equation for the decarboxylation process is given 
as: 
d ^CO^ 7 
2- _ ^  ^^ l-^j dt 
and applying steady state approximation of the unstable 





(k_^ + k 2 ) 
therefore d [^^zJ 1^ 2^ C^JC^J 
d t (k_^ + k 2 ) 
(6) 
Subs t i tu t ing tne value of r eac t ive species of amino acid in 
equation (6) , we get 
d t , , , s , ^ „ + - r 2 (k-^ + k2)C/'H''_7 + % /T^V^'' "-^D ) ^Wl) 
k' k /"B 7 / 'SA 7 K K 
+ J L^ I I I t t± (7) 
(k_i + k2 ) ( / " H V ^ + K J / " ^ V ^ I +KJ3 )+ K^K^I^ 
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Concentration of neu t ra l molecule (HA) is neg l ig ib le in 
comparison to concentration o£ anionic form, therefore , 
equation (7) reduces to 
d t (k-^ +k2 ) C^^J^ + Kj / " H ' " _ 7 ( 1 +KQ ) + K^  K^j 
the re fore , 
o b s _ J. o + 
Equation (8) may be simplified for the amino acids studied by 
making following approximations: 
1 + K^  ^ KQ (9) 
and ^ H __7 and K^ K-.^  are negligible in comparison to 
Kj /"H"^_7KJJ in the vicinity of pH- 5 and therefore. 
1^ ^2 ^11 C^J 
(k-^  + k2) /"HVI^ 
^obs - ' " ' ' ' '^ (10) 
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The variation o£ observed rate constant with pH is 
given in Figxare No. (1 and Table -A) and is linear as required. 
The dependence ot pH clearly indicates that the reacting 
species are^ neutral molecules and the anionic form o£ the 
amino acid. The zwitter ion and cationic species are not 
taking part in the reaction of amino acid with ninhydrin. 
The effect of ninhydrin concentration is also in 
conformity with the observed results (Table-B). The plots of 
k , vs ninhydrin concentration are linear and pass through 
the origin (Figure No, 2). The dependence of rate constants 
on temperature was studied within the range 332 K to 363 K, 
The observed rate constant, as summarized in Table-C, were 
found to be in good agreement with the Arrhenius and gyring 
equations (Figure No, 3) 
kwe A exp (-£a/ RT) (11) 
k ^RT ^ S ^ / R ^^H'^/RT (^ 2) 
Nh ® 
r e spec t ive ly . All the symbols have t h e i r usual s igni f icance . 
The various ac t iva t ion parameters were also ca lcula ted , which 
a re sxammarized in Table-D. The r a t e constant i s foxond to be 
independent of ionic s t rength (Table-E), The p lo t of In k , 
vs ionic s t reng th are shown in Figure No. 4, 
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Table F and D shows that both the rate of decarboxy-
lation and the activation energy are largely dependent on 
molecular structure. The following order parallels the 
increase in rate and decrease in the energy of activation. 
N C-
*^v ? J NH2COCH2—,. H O C H 2 — , P h C H 2 — , H - , C H ^ -
I 
H 
This behaviour can be explained on the basis of pKp value 
of each amino acid. When pH value is fixed, the rate of the 
reaction will increase with the decrease of pKp value, 
because the smaller the pK^ value, the higher the anion con-
centration, Amino acids with a high anion concentration give 
a higher decarboxylation rate. In these cases, the electron 
withdrawing properties of the substituent, decreases electron 
density at oC carbon and nitrogen atoms and also contributes 
to the decrease of pK^ values. The electron donating substi-
tuents will increase electron density at the occarbon and 
nitrogen atom, increase PK2 values and decrease its anion con-
centration. 
The foregoing discussion is supported by the linear 
relationship obtained on plotting log k -, or activation energy 
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as a function of Hammett cp constant (Figure No. 5 ) . I t i s 
evident t h a t the r a t e constant i s s trongly dependent on the 
d i f f e ren t type of subs t i t uen t s . The mechanism supports the 
negat ive value o f - ^ s ' ^ and explains nucleophi l ic subs t i tu t ion 
bimolecular mechanism involving cycl ic t r a n s i t i o n s t a t e . The 
p l o t of AH''^ as a function of A s ^ i s a s t r a igh t line^"^ 
(Figure No, 6 ) . This indica tes t ha t a l l the amino acids 
s tudied , follow the same mechanism for decarboxylation by n i n -
hydr in . 
FORMATION OF 2-AMINOINDANDIONE FROM AMINOACIDS 
NINHYDRIN REACTIONS 
OH -^20 , [O 
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Fig. No. 2 Effect of the concentration of ninhydrin on the decarboxy-
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The o r ig in has been shif ted on the 
Y-axis by 1 cm for each amino acid, 
f i g . No. k Effect of ionic s t rength on decarboxylation by 
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Linear va r ia t ion of ^ H ^ with ^ S ^ for 
decarboxylation of amino acids by ninhydrin. 
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Table - A 
pH dependence of r a t e c o n s t a n t fo r d e c a r b o x y l a t i o n oi' amino 
a c i d s by Ninhydrin 
Gly Ala Phe Asn Ser His 
•^  obs obs obs obs obs obs 
-1 -1 -1 -1 -1 -1 
min . min. min, min. min. min, 
2 . 2 2 .60 2.42 2.42 6.67 2 .96 4 .45 
3 . 0 3.51 3.33 4.03 8 .90 4 .45 7.77 
4 . 0 6.36 5.51 7.77 10.74 7.42 10.74 
5 .0 10.67 7.42 12.89 16.12 13.30 22.23 
6.0 14.60 10.36 18.42 20.72 23.03 
Cond i t ions : ^"Amino acid_7= 0.020 mol dm'"^, £"Ninhydrin_7= 0.160 , 
mol dm" 
-3 Ionic Strength =1.0 mol dm , Temperature = 343K 
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Table - B 
Nlnhydrin Concen t ra t ion dependence of r a t e cons t an t Tor decarboxy-
l a t i o n of amino a c i d s , 
Gly Ala Phe Asn 3e r His 
C^^y^r^y ^0\^^ 10\bs 1°\bs '°\^s '°\.s '°\^s 
mol dm _. _. _ . _^ _-, _., 
min, min. min, min. min. min. 
0.12 3.81 2 .67 4 .29 5.86 4.77 7.42 
0.13 5.34 3.51 6.12 7 .42 6.67 11.72 
0 .14 7 .16 5.14 8 .34 10.74 9.07 14.96 
0.15 9.21 6.44 10.74 1^.35 11.13 18.13 
0 .16 10.67 7 .42 12.89 16.12 13.30 22.23 
C o n d i t i o n s : ^"Amino acid_7» 0.020 mol dm , Temperature = 343K, 
-3 I o n i c S t r e n g t h = 1.0 mol dm , pH = 5.0 
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Table - C 
Temperature dependence of r a t e cons t an t Tor d e c a r b o x y l a t i o n of 
amino a c i d s by Ninhydrin . 
Gly Ala Phe Asn Ser His 
Temp. 1 o \ >,^  lO^K^Ko ^ O ^ ^ K . ^^^Ky.. ^^^K>.. ''O^K^v^c 
obs obs obs obs obs obs 
K --1 -1 -1 -1 -1 -1 
min, min. mln. min, min. inin. 
353 21.01 16.12 24.18 29.30 21.49 
348 14.68 10.74 16.63 22 .26 16.69 
343 10.67 7.42 12.89 16.12 13.35 22.23 
338 7 .42 5.86 - 11.74 - 18.17 
333 5.31 3.71 6.07 8.50 6.67 10.67 
328 - 2 .86 - - 9.21 
323 3 .10 - 3.33 5.15 3.51 7.48 
C o n d i t i o n s : ^ Amino acid_7= 0.020 mol dm , 
/TJinhydrin_7 = 0.160 mol dm"'^, pH = 5 .0 , 
I o n i c S t r e n g t h = 1.0 mol dm -^  
-amino 
Table - D 
A c t i v a t i o n paramete rs 
248 
A ? ^ ^H AEa^ log A A S 
- 1 T.T . - 1 , , T - . - 1 . - 1 T , . - 1 - , - 1 
ac id s KJ mol KJ mol KJ mol min. JK mol 
Gly 80 .28 65.49 68.34 9.44 -43 .17 
Ala 82.82 69.19 72 .04 9.85 -39 .75 
Phe 78.51 62.76 65.61 9.10 -45 .94 
Asn 74 .94 56.95 59.80 8.31 -52 .47 
Ser 78 .46 62.76 65.61 9.12 -45 .94 
His 71 .40 51.69 54.54 7.67 -57 .83 
C o n d i t i o n s : £"Amino acid_7=» 0.020 mol dm , 
^"Ninhydr in_/ =« 0.160 mol dm"^» 
-3 
I o n i c S t r e n g t h - 1 . 0 mol dm , Temperature = 343K, 
pH = 5.0 , * Ca lcu la ted from A F '^ = ^ H ^ - T/iS ^ 
Ionic Strength dependence of rate constant for decarboxylation 
of amino acid by Ninhydrin. 
Gly Ala Phe Asn Ser His 
Ionic 2 2 2 2 2 2 
strength IO^K 10 K^^3 10 K^^^ 10 K^^^ 10 K^^^ 10 K^^3 
mol dm _^ _. _ > j _^  _-, _^  
min, min, min. min. min. min. 
0.5 10.74 7.42 12.89 15.43 11.86 24.18 
1.0 10.67 7.42 12.89 16.12 13.35 22,23 
1.5 10.27 7.77 11.72 12.89 13.35 23.49 
2 .0 11.86 4.42 13.57 15.43 12.14 20.72 
2.5 10.65 8.34 13.35 16.12 12.14 23.49 
Conditions: ^Amino acid_7 » 0.020 mol dm' , 
3 
/ Ninhydrin_7 = 0.169 mol dm*" 
Temperature - 343 K, pH = 5.0 
248 
Table - F 
Amino acids concentration dependence of r a t e constant for 
decarboxylation by Ninhydrin. 
Gly Ala Phe Asn Ser His 
/"Amino 9 2 2 2 2 2 
mol dm 
—1 —1 —1 —1 —1 —1 
-3 min, min, min, min, min, min. 
0.010 11.05 7.36 - 16.12 11.22 23.03 
0.015 0.092 7.77 - 18.42 13.53 20.72 
0.020 10.67 7.42 12.89 16.12 13.35 22.23 
0.025 10.28 7.67 13.18 16.69 14.04 23.41 
0.030 11.51 7.25 12.47 16.69 14.50 23.41 
0.035 11.36 7.53 12.75 17.56 14.05 23.51 
Conditions: ^Ninhydr in /= 0.160 mol dm""^  , 
_3 Ion ic Strength » 1,0 mol dm , 
Ten^jerature = 343K, pH = 5.0 
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P a r t - I I Formation of Ruhemann's p u r p l e ammonia and hyd r indan t in 
The r e s u l t s on the d e c a r b o x y l a t i o n of amino a c i d s 
c l e a r l y i n d i c a t e (Pa r t I ) t h a t amino a c i d s and n inhydr in r e a c t 
t o give carbondioxide and 2-aminoindandione a longwi th o t h e r 
p r o d u c t s . P a r t I I of t h e work i s r e l a t e d wi th t h e k i n e t i c s 
and mechanism of t h e I n t e r a c t i o n of 2-aminoindandione wi th n i n -
h y d r i n under va r ious exper imenta l c o n d i t i o n s . The fo l lowing 
f a c t s have been observed by e a r l i e r workers and a l s o fonfirmed 
by u s : 
(1) Pu rp l e co lour i s formed when amino a c i d s r e a c t w i th 
n i n h y d r i n , t h e maximum development of co lour i s in t h e v i c i n i t y 
of pH 5 (Ruhemann » ' , Moore and S t e i n , Friedman and S i g e l , 
78 98 99 
Lamothe and McCormick , Wigfield e t a l . , Bottom e t a l , ) . 
(2) Alongwith the co lour development by t h e i n t e r a c t i o n 
of n inhydr in wi th amino a c i d s , t h e r e i s e v o l u t i o n oi ammonia in 
t h e pH-region s tud ied (Macii'adyen , McCaldin , Lamothe and 
7Q 99 
McCormick^, Bottom e t . a l . ) . 
(3 ) Hydr indant in i s formed du r ing coloiir development 
(Moore and S t e i n ' ' ^ , McCaldin'''^, Bottom^^ e t a l . , W i g f i e l d ^ e t a l . ) . 
(4) Ammonia r e a c t s w i t h h y d r i n d a n t i n but a t a slower r a t e 
6-7 64 
t o g ive Ruhemann's puirple (Ruhemann ' , Harding and Wameford , 
Q 
Harding and McClean ) . 
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(5) Ammonixan salts also reacts with ninhydrin to give 
the purple colour (Harding and Wameford , Neuberg , 
Gardner''°^). 
(6) Hydrindantin gives a red colour in dilute alkaline 
solution and blue or purple colour in concentrated alkaline 
solution (Ruhemann , Retinger ). 
(7) Reducing agents enhance the rate o£ colour develop-
ment which has been explained on the basis o£ blocking of oxi-
10 dative side reaction (Moore and Stein ). 
(8) Due to the insolubility of hydrindantin in water, 
the organic compounds like methyl cellosolve. Dimethyl sulfoxide, 
Dioxane, Alcohol and pyridine etc, have been used as solvents 
(Moore and Stein , Moore , Kirschenbaum , Troll and Cannan ). 
19 
(9) Kirschenbaum recommended that DMSO is a better 
solvent for this reaction, because it is less toxic but still 
has good solubility for hydrindantin. 
(10) In the presence of oxygen the colour yield are very 
8 9 64 
low (Harding and McClean * , Harding and Wamefard , Cherbuliez 
and Herzenstein''^^, Raffart^^^). 
(11) 2-aminoindandione which have been shown to be qui te 
s t a b l e intermediate i s highly sens i t ive towards oxygen 
(Ruhemann- , Moore and Stein ) . 
(12) The colour development i s dependent on^  the tempera-
t u r e of the reac t ion mixture. In absence of hydrindantin the 
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colour development i s very f a i n t a t 313K but as the temperature 
i s increased, the colour increases and reaches maximum a t about 
368K. 
The above f ac t s have been observed and exi^lained by 
various workers who proposed poss ib le mechanisms but most of them 
were not siipported by k i n e t i c stxxiies. Here we carr ied out 
k i n e t i c measurements and on the bas is of our s tudies proposed the 
mechanisms as given in Scheme I I , I I I and IV. 
In Scheme I I , 2-aminoindandione obtained from the decar -
boxylation process r eac t s with ninhydrin to give 2-hydroxy 
indandione and 2-ijnino indandione, 2-imino indandione condenses 
wi th 2-hydroxy indandione to produce diketo hydr indyl ldene-
diketohydrindamine (DYDA) which ionizes to give Ruhemann's purp le . 
In Scheme I I I , 2-aminoindandione i s shown to ex i s t in 
t h ree tautomeric forms and imine form in presence of hydronium 
ions hydrolyses to give ammonium hydroxide and 2-hydroxyindandione, 
At pH 5 ammonia i s evolved when nitix)gen i s bubbled through the 
so lu t ion . 
In Scheme IV, 2-hydroxy indandione obtained by the i n t e r -
ac t ion of ninhydrin and 2-amino Indandione r eac t s with ninhydrin 
t o give hydrindantin. 
On the basis of these mechanisms i t i s c lear t h a t the 
purple colour, ammonia and hydrindantin are being formed by 
p a r a l l e l pa ths . The formation of ammonia is slow but i t also 
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reac t with nlnhydrin to give the blue colour, which i s a 
very slow process , 
(1) The amino acid i s f i r s t converted into 2-aminoindandione 
(mechanism described in Par t I ) , which fur ther r eac t s with 
another molecule of ninhydrin to give the colour product. The 
reac t ion takes place in two consecutive s teps as shown in the 
Scheme I I , J?igure No. 7 c lea r ly ind ica tes the consecutive nature 
105 
of the reac t ion ^, The r a t e constants k and k^ were calculated 
using the method e:)qDlained by Frost and Pearson, The method was 
modified by Khan and Khan for which a computer progranime was 
91-94 developed and used for a number of consecutive reac t ions . 
The integrated equation for consecutive f i r s t order reac t ion i s 
given as 
C = A Q ^ ' I + ^^  . ^ ( k^ e x p ( - k ^ t ) _ k ^ exp (k2 t )_/ (13) 
where A i s the i n i t i a l concentration of the r eac t an t , C i s 
o 
t h e concentration of Ruhemann's purple , k^ and kp stand for r a t e 
cons tan t s . Here k2>k^ as i s c lear from the s t ruc tu re of the 
r e a c t a n t , i t i s not poss ib le to d i f f e r e n t i a t e between k^ and ^2 
equation 91-94 
mathematically in the above2as explained by Khan and Khan , 




dt /"H _^7 
k ic ^ " B 7 
and 
'^/yj ^2 ^aC^jc^j 
d t ^-HV 
(16) 
K.O.S ' ^ ' ^ ^ ' ^ ^ ( - ) 
Oxygen r e t a rd s the colour formation and reproducible 
r e s u l t s are not found if the medium i s having dissolved oxygen. 
The e a r l i e r workers got reproducible r e s u l t s e i the r in the 
presence of reducing agents or in sealed tubes . The effect 
of pH i s very s ign i f ican t in the formation of the purple colour. 
The colour development increase with increase in pH and a t t a i n s 
a maximum value in the v i c i n i t y of pH = 5 , The p lo t of log k - j ^ 
and k p ^ g vs pH i s a s t r a i g h t l i n e ( f ig . No, 8-9) , which shows 
the r a t e i s inversely propor t ional to the hydrogen ion concentra-
t i on (Table -G ) , There i s no colour development below pH 3 
because the pK^of Ruhemann's purple i s 3 ,2 , As the pH i s increased 
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from 3 to 4,5 the colour develops but decompose simultaneously. 
This is due to the Tormation of the DYDA which is hydrolyzed 
into other products (Scheme V). 
The rate constant are found to be dependent directly on 
the concentration of ninhydrin and are confinned by experimental 
results (Table - H, Figure No. 10-11). The effect of ionic 
-3 
strength was also studied within the range 0.5 to 2,5 mol dm 
maintained by potassium nitrate solution. The observed rate 
constants are summarized in Table - I and Figure No. 12-13. The 
colour development is found to be independent of ionic strength. 
The effect of concentration of amino acid was also studied. The 
observed rate constants were found to be almost insensitive to 
the initial concentration (Table - J). The effect of temperature 
was studied from 313 to 363K under the nitrogen atmosphere. The 
development of purple colour was found to increase with tempera-
ture and reached a stationary state at each temperature. The 
optical density in the stationary state was found to increase 
with increase in temperature. At temperature below 343K colour 
development is very slow. The observed first order rate constants 
at different temperatures are summarized in Table - K and Figure 
No, 14-15. The various activation parameters were also calculated 
(Table - L) using Arrhenius and Eyring equations (Part I), 
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The intensity of the colour development is very much 
affected by organic solvents (e.g. methyl cellosolve and di-
methyl sulfoxide). The high optical density of the blue colour 
confirmed this fact (Table-M^-M2 ). The plot of k^ ^^ ^ and 
kp ^ vs percentage of the solvent is a straight line (i^ 'igure 
No, 16-19). This may be explained on the basis of solubility 
of purple colour and the solubility of hydrindantin in organic 
solvents , 
(2) The evolution of ammonia was measured under different 
conditions. It is found to be a first order reaction and rate 
constants were calculated. The rate equation has been derived 
and is described below. 
dt ~ fU'^J fAj C^J^J (18) 
and 
"ota ' ^ ¥ 7 -^'"2°-^  ^'^^ 
The effect of ionic s t rength was also studied within 
-3 
t he range 0,5 to 2,5 mol dm maintained by potassium n i t r a t e 
so lu t ion . The observed r a t e constant i s independent of ionic 
s t rength ( T a b l e - N ) , The p l o t s of In k , vs jU are shown 
in Figure No. 20, The r a t e of ammonia evolution was also studied 
a t various temperatures within the range 343K to 363 K. The 
256 
observed f i r s t order r a t e constants a t d i f fe ren t temperature 
a r e , summarized in Table- 0 and iTigure No. 21, The r e s u l t s 
a re in a good agreement with the Arrhenius and Eyring 
equations (Part - I ) , The thermodynamic parameters were also 
ca lcu la ted . They are summarized in Table- P , The observed 
r a t e constants of evolution of ammonia increase with increase 
in pH (3 to 5) of the reac t ion mixture (Table - U, r'igure No, 
22) , 2-aminoindandione i s much less s tab le in solut ion at 
low pH due to an acid catalyzed hydix)lysis. Ammonium hydroxide 
and 2-hydroxy indandione are produced. In ac id ic medium ammonia 
i s converted into corresponding ammonium s a l t . 
(3) Hydrindantin i s formed by the In te rac t ion of ninhydrin 
with 2-hydroxyindandione, The r a t e i s qu i te f a s t a t pH below 
3 but becomes slower in the v i c i n i t y of pH5 , where the decomposi-
t i o n of hydrindantin i s qui te f a s t . Due to the decomposition 
p rocess , hydrindantin ac t s as a ca t a lys t and gives 2-hydroxy-
indandione by r e t ro - a ldo l cleavage which r e a c t s with 2-imino 
indandione. This is responsible for the increase in the r a t e 
of colour formation by addit ion of hydrindantin in ninhydrin 
solut ion containing 30-40% dimethyl sulfoxide or methyl c e l l o -
so lve . 
0 
NH3 
J < i _ 
+H 
AH 
o 0 0 ^ 
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Table - L 
A c t i v a t i o n Parameters 
AH ^ 
KJ mol""* 


































KJ mol -1 
AH 
KJ mol -1 
A E ^ 
a 
KJ mol -1 
log A 



































Condi t ions ; /Amino Acid /= 1,5x10" mol dm , 
/U inhydr in / = 0.025 mol dm"^ 
~ - _3 
I o n i c S t r e n g t h = 1.0 mol dm , 
Temperature = 353K, pH « 5 .0 
















































































































































































































































































































































































































































































































































Table - N 
Ionic Strength dependence of r a t e constant for deamination of 





0 . 5 
1.0 
1.5 
2 . 0 
2 . 5 
Gly 










































Conditions: ^ Amino Acid_/ = 1,5x10 mol dm , 
_3 
^Ninhydr in _/ « 0,025 mol dm , Temperature = 353K, 
pH » 5,0 
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Table - 0 
Temperature dependence of r a t e constant for deamination 





















































_ T -4 -3 
Conditions: £ Amino Acid J = 1,5x10 mol dm , 
^Ninhydr in _/ = 0.025 mol dm"^, 















Table - P 
























A S ^ 






T -4 -3 
Cond i t i ons : ^ Amino ac ids / = 1.5x10 mol dm , 
^ " N i n h y d r i n y = 0.025 mol dm"^, 
-3 
I o n i c S t r e n g t h = 1 . 0 mol dm , 
Temperature « 353K, pH - 5.0 
* Ca lcu la t ed from A F ^ » A H ^ - T A S ^ 
2o8 
Table - a 
pH dependence o-f r a t e cons t an t f o r deaminat ion of aDiino acid 
by n i n h y d r i n . 
Gly Ala Phe Asp Ser 
pH 1 ° \ b s 1 ° \ b S '°\bs '°\hs 1°\b3 
- 1 - 1 - 1 - 1 - 1 
min. min. min, min, min. 
3 . 0 1.974 1.974 1.974 2 .303 2.632 
4 . 0 3.728 4.057 4.825 5.483 4.496 
5 .0 6.470 6.580 6.909 6.470 5.922 
6.0 1.645 2.303 2.632 2.632 1.974 
Cond i t i ons : /"Amino Acid__7 = 1.5x10* mol dm , 
/ " N i n h y d r i n _ / = 0.025 mol dm"^, 
-3 
I o n i c S t r e n g t h = 1.0 mol dm 
Temperature = 353K 
2o9 
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